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(57) Disclosed is an optical head device, which has:
a first light source (1) which emits a light with a first

wavelength; a second light source (2) which emits a FIG.5
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light with a second wavelength; first and second optical DISK

detectors; an optical coupling and dividing means (3) in - S
which the light emitted from the first light source and the 7%

light emitted from the second light source are coupled 7
and are then led to an optical recording medium with a DISK !
first or second substrate thickness, (7,8) and in which
the light emitted from the first light source and reflected
on the optical recording medium is led to the first optical
detector (1) and the light emitted from the second light
source and reflected on the optical recording medium is 4:
led to the second optical detector (2); and a lens system COLLIMATOR
(4) which is disposed between the optical coupling and \ !
dividing means and the optical recording medium and -
includes an objective lens; wherein the second sub- 3,
strate thickness (8) is set to be greater than the first sub- 885},‘13_‘}}36'-\
strate thickness (7) and an effective optical path length AND DIVIDING
from the second light source to the lens system is set to DEVICE )
be shorter than an effective optical path length from the ﬂ(’,DULE
first light source to the lens system, and wherein the

recording or reproducing of the optical recording

medium with the first substrate thickness is conducted y

by using the light emitted from the first light source, and MODULE
the recordl_ng or reproducing of the o_ptlcal rec_:ordmg | }
medium with the second substrate thickness is con-

ducted by using the light emitted from the second light

source.
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Description

FIELD OF THE INVENTION

Thin invention relates to an optical head device
used for the recording or reproducing of an optical
recording medium, and more particularly to, an optical
head device used for the recording or reproducing of
two kinds of optical recording mediums with different
substrate thicknesses.

BACKGROUND OF THE INVENTION

Recently, the standardization of an optical disk with
large storage capacity such as a digital video disk has
been discussed. In the standard of digital video disk, an
optical disk with a substrate thickness of 0.6 mm is
used. On the other hand, in the standard of conven-
tional compact disk, an optical disk with a substrate
thickness of 1.2 mm is used. Thus, desired is an optical
head device which can be used for the reproducing of
both the digital video disk and compact disk.

However, in a conventional optical head device,
since an objective lens thereof is designed such that it
cancels a spherical aberration as to a disk with a prede-
termined substrate thickness, there remains a spherical
aberration as to another disk with a different substrate
thickness, therefore resulting in failure in reproduction.
Therefore, many optical head devices has been sug-
gested which can be used for the reproducing of both
the digital video disk and compact disk with different
substrate thicknesses( for example, Japanese patent
application laid-open No.7-65407(1995)).

FIG.1 shows a composition of a conventional opti-
cal head device. As shown in FIG.1, around half of emit-
ted light from a semiconductor laser 237 is reflected by
a half mirror 238, being transmitted through an aperture
239, entering an optical path control device 240,
thereby being divided into a first light and a second light.
The first light emitted from the optical path control
device 240 is transmitted through a collimator lens 4,
entering an objective lens 6 as a collimated light,
thereby being focused on a disk 7 which is a first optical
disk such as a digital video disk with a substrate thick-
ness of 0.6 mm. On the other hand, the second light
emitted from the optical path control device 240 is trans-
mitted through the collimator lens 4, entering the objec-
tive lens 6 as a divergent light, thereby being focused on
a disk 8 which is a second optical disk such as a com-
pact disk with a substrate thickness of 1.2 mm.

Then, the first and second lights are reflected on
the disk 7 and disk 8, respectively, being reversely
transmitted through the objective lens 6, collimator lens
4, optical path control device 240 and aperture 239,
around its half being transmitted through the half mirror
238, further being transmitted through a concave lens
241, being received by an optical detector 242.

FIGS.2A and 2B show a composition of the optical
path control device 240. The optical path control device
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240 is composed of a prism 243 and a prism 244 which
are adhered through a polarization separating film 245.
The polarization separating film 245 has a function that
a P-polarization component of an incident light is all
transmitted through and a S-polarization component of
the incident light is all reflected on. Of the incident light
to the optical path control device 240, an incident light
248, which is a P-polarization component to the polari-
zation separating film 245, as shown in FIG.2A, is all
transmitted through the polarization separating film 245,
being reflected on reflection films 246, 247 of the prism
244, again being all transmitted through the polarization
separating film 245, then being emitted from the prism
243 as the first light. On the other hand, of the incident
light to the optical path control device 240, an incident
light 249, which is a S-polarization component to the
polarization separating film 245, as shown in FIG.2B, is
all reflected on the polarization separating film 245,
being emitted from the prism 243 as the second light.

Accordingly, in the conventional optical head device
shown in FIG.1, by the optical path control device 240,
effective optical path lengths as to the first and second
lights are differed from each other, i.e., the effective opti-
cal path length from the semiconductor laser 237 to the
collimator lens 4 as to the second light is shorter than
that as to the first light. Thus, if the effective optical path
length from the semiconductor laser 237 to the collima-
tor lens 4 is adjusted such that the first light enters the
objective lens 6 as a collimated light, the second light
will enter the objective lens 6 as a divergent light. The
objective lens 6 has a spherical aberration that cancels
a spherical aberration occurred when a collimated light
entering the objective lens 6 is transmitted through a
substrate with a thickness of 0.6 mm. Therefore, when
the collimated light entering the objective lens 6 is trans-
mitted through a substrate with a thickness of 1.2 mm,
there remains a spherical aberration. However, if a
divergent light enters the objective lens 6, there occurs
a new spherical aberration due to a movement of image
point of the objective lens 6, thereby the remaining
spherical aberration when transmitting through the sub-
strate with 1.2 mm thickness being canceled. Thus, if
the difference of the effective optical path lengths from
the semiconductor laser 237 to the collimator lens 4 as
to the first and second lights is suitably set, the first light
can be focused on the disk 7 with a substrate thickness
of 0.6 mm with no aberration, and the second light can
be focused on the disk 8 with a substrate thickness of
1.2 mm with no aberration.

Meanwhile, a numerical aperture of objective lens
in the standard of compact disk is to be smaller than that
in the standard of digital video disk. In the composition
shown in FIG.1, since the effective optical path lengths
as to the first and second lights are differed from each
other, by providing the aperture 239 in the optical sys-
tem, the beam diameter of the second light entering the
objective lens 6 can be smaller than the beam diameter
of the first light entering the objective lens 6. Therefore,
the effective numerical aperture as to the second light of
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the objective lens 6 is smaller than the effective numer-
ical aperture as to the first light of the objective lens 6,
thereby the above requirement being satisfied.

FIGS.3A and 3B show another composition of the
optical path control device 240 in the optical head
device in FIG.1. As shown in FIGS.3A and 3B, the opti-
cal path control device 240 is composed of a prism 10
and a hologram 250 which is formed on the oblique
plane of the prism 10. Of the incident light to the optical
path control device 240, an incident light 248, which is a
P-polarization component to the hologram 250, as
shown in FIG.3A, is reflected and diffracted as a +1st-
order diffraction light by the hologram 250, then being
emitted from the prism 10 as the second light. On the
other hand, of the incident light to the optical path con-
trol device 240, an incident light 249, which is a S-polar-
ization component to the hologram 250, an shown in
FIG.3B, is all reflected by the hologram 250, being emit-
ted from the prism 10 as the first light.

FIG.4 shows a composition of the hologram 250 in
FIGS.3A and 3B. The hologram 250 is composed of a
polarization separating film 251 and a hologram layer
252 which are formed on the oblige plane of the prism
10. The polarization separating film 251 has a function
that a P-polarization component of an incident light is all
transmitted through and a S-polarization component of
the incident light is all reflected on. The hologram 250
functions as a convex surface mirror to a +1st-order dif-
fraction light. Of the incident light to the hologram 250,
the incident light 248, which is a P-polarization compo-
nent to the polarization separating film 251, is all trans-
mitted through the polarization separating fiim 251,
being reflected and diffracted as a +1st-order diffraction
light by the hologram layer 252, again being all transmit-
ted through the polarization separating film 251, then
being emitted from the hologram 250 as the second
light. On the other hand, of the incident light to the holo-
gram 250, the incident light 249, which is a S-polariza-
tion component to the polarization separating film 251,
is all reflected by the polarization separating film 251,
being emitted from the hologram 250 as the first light.
As shown in FIG.4, by forming a step-like section of the
hologram layer 252, the diffraction efficiency to a +1st-
order diffraction light can be enhanced.

By using the optical path control device 240 as
shown in FIGS.3A and 3B, an apparent luminous point
to the second light becomes closer to the optical path
control device 240 than that to the first light. Therefore,
the effective optical path length from the semiconductor
laser 237 to the collimator lens 4 as to the second light
can be shorter than that as to the first light.

However, the conventional optical head device as
shown in FIG.1 has a first problem that, since the inci-
dent light is divided into the first and second lights by the
optical path control device 240, the utilization efficiency
as to the respective lights is reduced by half. Namely, if
the semiconductor laser 237 has the same output
power as that of an usual optical head device, the
amount of light received by the optical detector 242 is

10

15

20

25

30

35

40

45

50

55

reduced by half of that in the usual optical head device,
thereby the signal-to-noise ratio(S/N ratio) of a repro-
duced signal being reduced. Thus, to make the amount
of light received by the optical detector 242 equal to that
in the usual optical head device, the output power of the
semiconductor laser 237 needs to be two times that in
the usual optical head device. If the recording of the
disks 7, 8 is performed as well as the reproducing, the
output power of the semiconductor laser 237 needs to
be further increased, i.e., it is substantially impossible.
Also, the conventional optical head device as
shown in FIG.1 has a second problem, which is related
to a wavelength of light emitted from the semiconductor
laser 237. In the standard of digital video disk, a wave-
length of 635 nm to 650 is used, and, in the standard of
compact disk, a wavelength of 785 nm is used. Herein,
in order to reproduce both the digital video disk and the
compact disk, a semiconductor laser which outputs light
with a wavelength of 635 to 650 nm needs to be used
since it can give a more reduced diameter of focused
spot. As one kind of compact disk, there is a rewritable-
type compact disk. Though the rewritable-type compact
disk has a high reflection factor more than 70 % in 785
nm wavelength, it has a low reflection factor of around
10 % in a wavelength of 635 to 650 nm. Therefore, it is
impossible for a conventional optical head device which
is adapted to a wavelength of 635 to 650 nm to be used
in the reproducing of the rewritable-type compact disk.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide an optical head device which is used for the record-
ing or reproducing of two kinds of optical recording
mediums with different substrate thicknesses, in which
a reproduced signal has a S/N ratio equal to that in an
usual optical head device and a semiconductor laser is
only required to have an output power equal to that in an
usual optical head device.

It is a further object of the invention to provide an
optical head device which is used for the recording or
reproducing of two kinds of optical recording mediums
with different substrate thicknesses, by which a rewrita-
ble-type compact disk can be reproduced.

According to the invention, an optical head device,
comprises:

a first light source which emits a light with a first
wavelength;

a second light source which emits a light with a sec-
ond wavelength;

first and second optical detectors;

an optical coupling and dividing means in which the
light emitted from the first light source and the light
emitted from the second light source are coupled
and are then led to an optical recording medium
with a first or second substrate thickness, and in
which the light emitted from the first light source
and reflected on the optical recording medium is led
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to the first optical detector and the light emitted from
the second light source and reflected on the optical
recording medium is led to the second optical
detector; and

a lens system which is disposed between the opti-
cal coupling and dividing means and the optical
recording medium and includes an objective lens;

wherein the second substrate thickness is
set to be greater than the first substrate thickness
and an effective optical path length from the second
light source to the lens system is set to be shorter
than an effective optical path length from the first
light source to the lens system, and

wherein the recording or reproducing of the
optical recording medium with the first substrate
thickness is conducted by using the light emitted
from the first light source, and the recording or
reproducing of the optical recording medium with
the second substrate thickness is conducted by
using the light emitted from the second light source.

According to another aspect of the invention, an

optical head device, comprises:

a first light source which emits a light with a first
wavelength;
a second light source which emits a light with a sec-
ond wavelength;
an optical detector;
an optical coupling and dividing means in which the
light emitted from the first light source and the light
emitted from the second light source are coupled
and are then led to on optical recording medium
with a first or second substrate thickness, and in
which the light emitted from the first light source
and reflected on the optical recording medium and
the light emitted from the second light source and
reflected on the optical recording medium are led to
the optical detector; and
a lens system which is disposed between the opti-
cal coupling and dividing means and the optical
recording medium and includes an objective lens;

wherein the second substrate thickness is
set to be greater than the first substrate thickness
and an effective optical path length from the second
light source to the lens system is set to be shorter
than an effective optical path length from the first
light source to the lens system, and

wherein the recording or reproducing of the
optical recording medium with the first substrate
thickness is conducted by using the light emitted
from the first light source, and the recording or
reproducing of the optical recording medium with
the second substrate thickness is conducted by
using the light emitted from the second light source.

According to a further aspect of the invention, an

optical head device, comprises:
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a first light source which emits a light with a first
wavelength;
a second light source which emits a light with a sec-
ond wavelength;
an optical detector;
an optical coupling and dividing means in which the
light emitted from the first light source and the light
emitted from the second light source are coupled
and are than led to an optical recording medium
with a first or second substrate thickness, and in
which the light emitted from the first light source
and reflected on the optical recording medium and
the light emitted from the second light source and
reflected on the optical recording medium are led to
the optical detector;
an objective lens which is disposed between the
optical coupling and dividing means and the optical
recording medium;
a first collimator lens which is disposed between the
first light source and the optical coupling and divid-
ing means; and
a second collimator lens which is disposed between
the second light source and the optical coupling
and dividing means;

wherein the second substrate thickness is
set to be greater than the first substrate thickness,
and a difference between an effective optical path
length from the second light source to the second
collimator lens and a focal distance of the second
collimator lens is set to be smaller than a difference
between an effective optical path length from the
first light source to the first collimator lens and a
focal distance of the first collimator lens, and

wherein the recording or reproducing of the
optical recording medium with the first substrate
thickness is conducted by using the light emitted
from the first light source, and the recording or
reproducing of the optical recording medium with
the second substrate thickness is conducted by
using the light emitted from the second light source.

According to a further aspect of the invention, an

optical head device, comprises:

a first light source which emits a light with a first
wavelength;

a second light source which emits a light with a sec-
ond wavelength;

first and second optical detectors;

an optical coupling and dividing means in which the
light emitted from the first light source and the light
emitted from the second light source are coupled
and are then led to an optical recording medium
with a first or second substrate thickness, and in
which the light emitted from the first light source
and reflected on the optical recording medium is led
to the first optical detector and the light emitted from
the second light source and reflected on the optical
recording medium is led to the second optical
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detector;

an objective lens which is disposed between the
optical coupling and dividing means and the optical
recording medium;
a first collimator lens which is disposed between the
first light source and the optical coupling and divid-
ing means; and
a second collimator lens which is disposed between
the second light source and the optical coupling
and dividing means;

wherein a lens means by which the light
emitted from the second light source is led to the
objective lens as a divergent light or by which the
light emitted from the first light source is led to the
objective lens as a convergent light is disposed
between the first or second collimator lens and the
optical coupling and dividing means, and

wherein the recording or reproducing of the
optical recording medium with the first substrate
thickness is conducted by using the light emitted
from the first light source, and the recording or
reproducing of the optical recording medium with
the second substrate thickness which is greater
than the first substrate thickness is conducted by
using the light emitted from the second light source.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail in

conjunction with the appended drawings, wherein:

FIG.1 shows a composition of a conventional opti-
cal head device,

FIGS.2A and 2B show a composition of an optical
path control device used in the optical head device
in FIG.1,

FIGS.3A and 3B show a composition of another
optical path control device used in the optical head
device in FIG.1,

FIG.4 shows a composition of a hologram used in
the optical path control device in FIGS.3A and 3B,
FIG.5 shows a composition of an optical head
device in a first preferred embodiment according to
the invention,

FIGS.6A and 6B show a composition of an optical
coupling and dividing device used in the first
embodiment,

FIG.7 shows a composition of an optical head
device in a second preferred embodiment accord-
ing to the invention,

FIGS.8A and 8B show a composition of a first
example of optical coupling and dividing device
used in the second embodiment,

FIGS.9A and 9B show a composition of a second
example of optical coupling and dividing device
used in the second embodiment,

FIGS.10A and 10B show a composition of a third
example of optical coupling and dividing device
used in the second embodiment,
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FIGS.11A and 11B show a composition of another
optical coupling and dividing device used in the first
embodiment,

FIGS.12A and 12B show compositions of a holo-
gram used in the optical coupling and dividing
device in FIGS.11A and 11B,

FIGS.13A and 13B show a composition of a fourth
example of optical coupling and dividing device
used in the second embodiment,

FIGS.14A and 14B show compositions of a holo-
gram used in the optical coupling and dividing
device in FIGS.13A and 13B,

FIG.15 shows a pattern of interference fringe of the
holograms of the optical coupling and dividing
devices in FIGS.11A and 11B and FIGS.13A and
13B,

FIGS.16A and 16B show a composition of an aper-
ture control device used in the first and second
embodiments,

FIGS.17A and 17B show a composition of another
aperture control device used in the first and second
embodiments,

FIG.18 shows a composition of a module used in
the first and second embodiments,

FIGS.19A and 19B show a composition of a diffrac-
tion optical device used in the module in FIG.18 and
a patter of interference fringe of a hologram optical
device used in the module in FIG.18, respectively,
FIGS.20A shows a pattern of light-receiving parts
of an optical detector in FIG.18 and a location of
light spots on the light-receiving parts in the case
that the diffraction optical device and hologram opti-
cal device in FIGS.19A and 19B are used,

FIG.20B is a side view at the central part of the opti-
cal detector in FIG.20A,

FIG.21 shows a pattern of interference fringe of
another hologram optical device used in the module
in FIG.18,

FIG.22 shows a pattern of light-receiving parts of
the optical detector in FIG.18 and a location of light
spots on the light-receiving parts in the case that
the diffraction optical device and hologram optical
device in FIGS.19A and 21, respectively are used,
FIG.23 shows a composition of an optical head
device in a third preferred embodiment according to
the invention,

FIG.24 shows a composition of an optical head
device in a fourth preferred embodiment according
to the invention,

FIG.25 shows a composition of a module used in
the third and fourth embodiments,

FIGS.26A and 26B show a pattern of interference
fringe and a cross-sectional form, respectively, of a
polarization hologram optical device used in the
third and fourth embodiments,

FIG.27 shows a pattern of light-receiving parts of
an optical detector in FIG.25 and a location of light
spots on the light-receiving parts in the case that
the polarization hologram optical device in
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FIGS.26A and 26B is used,

FIG.28 shows a pattern of interference fringe of
another polarization hologram optical device used
in the third and fourth embodiments,

FIG.29 shows a pattern of light-receiving parts of
the optical detector in FIG.25 and a location of light
spots on the light-receiving parts in the case that
the polarization hologram optical device in FIG.28
is used,

FIG.30 shows a composition of an optical head
device in a fifth preferred embodiment according to
the invention,

FIGS.31A to 31C show a composition of an optical
coupling and dividing/optical path control device
used in the fifth embodiment,

FIG.32 shows a composition of an optical head
device in a sixth preferred embodiment according to
the invention,

FIGS.33A to 33C show a composition of an optical
coupling and dividing/optical path control device
used in the sixth embodiment,

FIG.34 shows a composition of an optical head
device in a seventh preferred embodiment accord-
ing to the invention,

FIGS.35A to 35C show a composition of an optical
coupling and dividing/optical path control device
used in the seventh embodiment,

FIG.36 shows a composition of an optical head
device in an eighth preferred embodiment accord-
ing to the invention,

FIGS.37A to 37C show a composition of an optical
coupling and dividing/optical path control device
used in the eighth embodiment,

FIGS.38A to 38C show another composition of the
optical coupling and dividing/optical path control
device used in the fifth embodiment,

FIGS.39A and 39B show compositions of a holo-
gram of the optical coupling and dividing/optical
path control device in FIGS.38A to 38C,

FIGS.40A to 40C show another composition of the
optical coupling and dividing/optical path control
device used in the seventh embodiment,

FIGS.41A and 41B show compositions of a holo-
gram of the optical coupling and dividing/optical
path control device in FIGS.40A to 40C,

FIG.42 shows a composition of an optical head
device in a ninth preferred embodiment according
to the invention,

FIGS.43A to 43C show a composition of an optical
coupling and dividing device used in the ninth
embodiment,

FIGS.44A and 44B show a composition of an opti-
cal path control device used in the ninth embodi-
ment,

FIG.45 shows a composition of an optical head
device in a tenth preferred embodiment according
to the invention,

FIGS.46A and 46B show a composition of an opti-
cal path control device used in the tenth embodi-
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ment,

FIG.47 shows a composition of an optical head
device in an eleventh preferred embodiment
according to the invention,

FIGS.48A to 48C show a composition of an optical
coupling and dividing device used in the eleventh
embodiment,

FIG.49 shows a composition of an optical head
device in a twelfth preferred embodiment according
to the invention,

FIGS.50A and 50B show another composition of
the optical path control device used in the ninth
embodiment,

FIGS.51A and 51B show compositions of a holo-
gram of the optical path control device in FIGS.50A
and 50B,

FIG.52 shows a composition of an optical head
device in a thirteenth preferred embodiment
according to the invention, and

FIG.53 shows a composition of an optical head
device in a fourteenth preferred embodiment
according to the invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

An optical head device in the first preferred embod-
iment will be explained in FIG.5, wherein like parts are
indicated by like reference numerals as used in FIG.1.

In FIG.5, both a module 1 and a module 2, as
explained after, include a semiconductor laser and an
optical detector which receives light reflected on a disk.
The semiconductor laser of the module 1 emits light
with 635 nm wavelength, and the semiconductor laser
of the module 2 emits light with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 1 is transmitted through an optical coupling and
dividing device 3, a collimator lens 4 and an aperture
control device 5, entering an objective lens 6 as a colli-
mated light, then being focused on a disk 7 such as a
digital video disk with a substrate thickness of 0.6 mm.
Light reflected on the disk 7 is reversely transmitted
through the objective lens 6, aperture control device 5,
collimator lens 4 and optical coupling and dividing
device 3, being received by the optical detector of the
module 1.

On the other hand, light emitted from the semicon-
ductor laser of the module 2 is reflected by the optical
coupling and dividing device 3, then being transmitted
through the collimator lens 4 and aperture control
device 5, entering the objective lens 6 as a divergent
light, then being focused on a disk 8 such as a compact
disk with a substrate thickness of 1.2 mm. Light
reflected on the disk 8 is reversely transmitted through
the objective lens 6, aperture control device 5, collima-
tor lens 4 and optical coupling and dividing device 3,
being received by the optical detector of the module 2.
The aperture control device 5 can be integrally driven
with the objective lens 6 in the directions of focusing and



1 EP 0 803 867 A2 12

tracking by an actuator (not shown).

FIGS.6A and 6B show a composition of the optical
coupling and dividing device 3 in FIG.5. The optical cou-
pling and dividing device 3 is composed of a prism 9
and a prism 10 which are adhered through a dielectric
multilayer film 11. The dielectric multilayer film 11 has a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on.

Therefore, as shown in FIG.6A, an incident light 12
with 635 nm wavelength, which is emitted from the sem-
iconductor laser of the module 1 and then enters the
prism 9 of the optical coupling and dividing device 3, is
all transmitted through the dielectric multilayer film 11,
being emitted from the prism 10 of the optical coupling
and dividing device 3. On the other hand, as shown in
FIG.6B, an incident light 11 with 785 nm wavelength,
which is emitted from the semiconductor laser of the
module 2 and then enters the prism 10 of the optical
coupling and dividing device 3, is all reflected on the
dielectric multilayer film 11, being emitted from the
prism 10 of the optical coupling and dividing device 3.

In the first embodiment shown in FIG.5, the optical
path length from the module 2 to the collimator lens 4 as
to the light with 785 nm wavelength is shorter than the
optical path length from the module 1 to the collimator
lens 4 as to the light with 635 nm wavelength. Therefore,
if the optical path length from the module 1 and module
2 to the collimator lens 4 is adjusted such that the light
with 635 nm wavelength enters the objective lens 6 as a
collimated light, the light with 785 nm wavelength will
enter the objective lens 6 as a divergent light.

The objective lens 6 has a spherical aberration that
cancels a spherical aberration occurred when a colli-
mated light entering the objective lens 6 is transmitted
through a substrate with a thickness of 0.6 mm. There-
fore, when the collimated light entering the objective
lens 6 is transmitted through a substrate with a thick-
ness of 1.2 mm, there remains a spherical aberration.
However, if a divergent light enters the objective lens 6,
there occurs a new spherical aberration due to a move-
ment of image point of the objective lens 6, thereby the
remaining spherical aberration when transmitting
through the substrate with 1.2 mm thickness being can-
celed.

Thus, if the difference of the optical path lengths
from the module 1 to the collimator lens 4 as to the light
with 635 nm wavelength and the optical path lengths
from the module 2 to the collimator lens 4 as to the light
with 785 nm wavelength is suitably set, the light with
635 wavelength can be focused on the disk 7 with a
substrate thickness of 0.6 mm with no aberration, and
the light with 785 nm wavelength can be focused on the
disk 8 with a substrate thickness of 1.2 mm with no
aberration.

In the first embodiment shown in FIG.5, the optical
coupling and dividing device 3 has the dielectric multi-
layer film 11 where the light with 635 nm wavelength is
all transmitted through and the light with 785 nm wave-
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length is all reflected on. Alternatively, the optical cou-
pling and dividing device 3 may have a dielectric
multilayer film where the light with 635 nm wavelength is
all reflected on and the light with 785 nm wavelength is
all transmitted through. In this case, the positions of the
module 1 and module 2 need to be exchanged with
each other.

An optical head device in the second preferred
embodiment will be explained in FIG.7, wherein like
parts are indicated by like reference numerals as used
in FIG.5.

In FIG.7, both a module 1 and a module 2 include a
semiconductor laser and an optical detector which
receives light reflected on a disk. The semiconductor
laser of the module 1 emits light with 635 nm wave-
length, and the semiconductor laser of the module 2
emits light with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 1 is transmitted through an optical coupling and
dividing device 14, a collimator lens 4 and an aperture
control device 5, entering an objective lens 15 as a con-
vergent light, then being focused on a disk 7 such as a
digital video disk with a substrate thickness of 0.6 mm.
Light reflected on the disk 7 is reversely transmitted
through the objective lens 15, aperture control device 5,
collimator lens 4 and optical coupling and dividing
device 14, being received by the optical detector of the
module 1.

On the other hand, light emitted from the semicon-
ductor laser of the module 2 is transmitted through the
optical coupling and dividing device 14, collimator lens 4
and aperture control device 5, entering the objective
lens 15 as a collimated light, then being focused on a
disk 8 such as a compact dish with a substrate thick-
ness of 1.2 mm. Light reflected on the disk 8 is reversely
transmitted through the objective lens 15, aperture con-
trol device 5, collimator lens 4 and optical coupling and
dividing device 14, being received by the optical detec-
tor of the module 2. The aperture control device 5 can
be integrally driven with the objective lend 15 in the
directions of focusing and tracking by an actuator(not
shown).

FIGS.8A and 8B show a composition of the optical
coupling and dividing device 14 in FIG. 7. The optical
coupling and dividing device 14 is composed of a prism
9 and a prism 10 which are adhered through a dielectric
multilayer film 16. The dielectric multilayer film 16 has a
function that a light with 635 nm wavelength is all
reflected on and a light with 785 nm wavelength is all
transmitted through.

Therefore, as shown in FIG.8A, an incident light 17
with 635 nm wavelength, which is emitted from the sem-
iconductor laser of the module 1 and then enters the
prism 10 of the optical coupling and dividing device 14,
is all reflected on the dielectric multilayer film 16, being
emitted from the prism 10 of the optical coupling and
dividing device 14. On the other hand, as shown in
FIG.8B, an incident light 18 with 785 nm wavelength,
which is emitted from the semiconductor laser of the
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module 2 and then enters the prism 9 of the optical cou-
pling and dividing device 14, is all fransmitted through
the dielectric multilayer film 16, being emitted from the
prism 10 of the optical coupling and dividing device 14.

In the second embodiment shown in FIG.7, the opti-
cal path length from the module 1 to the collimator lens
4 as to the light with 635 nm wavelength is longer than
the optical path length from the module 2 to the collima-
tor lens 4 as to the light with 785 nm wavelength. There-
fore, if the optical path length from the module 1 and
module 2 to the collimator lens 4 in adjusted such that
the light with 785 nm wavelength enters the objective
lens 15 as a collimated light, the light with 635 nm wave-
length will enter the objective lens 15 as a convergent
light.

The objective lens 15 has a spherical aberration
that cancels a spherical aberration occurred when a col-
limated light entering the objective lens 15 is transmitted
through a substrate with a thickness of 1.2 mm. There-
fore, when the collimated light entering the objective
lens 15 is transmitted through a substrate with a thick-
ness of 0.6 mm, there remains a spherical aberration.
However, if a convergent light enters the objective lens
15, there occurs a now spherical aberration due to a
movement of image point of the objective lens 15,
thereby the remaining spherical aberration when trans-
mitting through the substrate with 0.6 mm thickness
being canceled.

Thus, if the difference of the optical path lengths
from the module 1 to the collimator lens 4 as to the light
with 635 nm wavelength and the optical path lengths
from the module 2 to the collimator lens 4 as to the light
with 785 nm wavelength is suitably set, the light with
635 wavelength can be focused on the disk 7 with a
substrate thickness of 0.6 mm with no aberration, and
the light with 785 nm wavelength can be focused on the
disk 8 with a substrate thickness of 1.2 mm with no
aberration.

In the second embodiment shown in FIG.7, the opti-
cal coupling and dividing device 14 has the dielectric
multilayer film 16 where the light with 635 nm wave-
length is all reflected on and the light with 785 nm wave-
length is all transmitted through. Alternatively, the
optical coupling and dividing device 14 may have a die-
lectric multilayer film where the light with 635 nm wave-
length is all transmitted through and the light with 785
nm wavelength is all reflected on. In this case, the posi-
tions of the module 1 and module 2 need to be
exchanged with each other.

FIGS.9A and 9B show a second composition of the
optical coupling and dividing device 14 in the second
embodiment shown in FIG.7. The optical coupling and
dividing device 14 is composed of a prism 19 and a
prism 20 which are adhered through a dielectric multi-
layer film 21. The dielectric multilayer film 21 has a func-
tion that a light with 635 nm wavelength is all reflected
on and a light with 785 nm wavelength is all transmitted
through.

Therefore, as shown in FIG.9A, an incident light 17
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with 635 nm wavelength, which is emitted from the sem-
iconductor laser of the module 1 and then enters the
prism 20 of the optical coupling and dividing device 14,
is reflected on a reflection fiim 22, then being all
reflected on the dielectric multilayer film 21, being emit-
ted from the prism 20 of the optical coupling and divid-
ing device 14. On the other hand, as shown in FIG.9B,
an incident light 18 with 785 nm wavelength, which is
emitted from the semiconductor laser of the module 2
and then enters the prism 19 of the optical coupling and
dividing device 14, is all transmitted through the dielec-
tric multilayer film 21, being emitted from the prism 20 of
the optical coupling and dividing device 14.

FIGS.10A and 10B show a third composition of the
optical coupling and dividing device 14 in the second
embodiment shown in FIG.7. The optical coupling and
dividing device 14 is composed of a prism 23 and a
prism 24 which are adhered through a dielectric multi-
layer film 25. The dielectric multilayer film 25 has a func-
tion that a light with 635 nm wavelength is all reflected
on and a light with 785 nm wavelength is all transmitted
through.

Therefore, as shown in FIG.10A, an incident light
17 with 635 nm wavelength, which is emitted from the
semiconductor laser of the module 1 and then enters
the prism 24 of the optical coupling and dividing device
14, is totally reflected two times on boundary surfaces of
the prism 24 and the air, then being all reflected on the
dielectric multilayer film 25, being emitted from the
prism 24 of the optical coupling and dividing device 14.
On the other hand, as shown in FIG.10B, an incident
light 18 with 785 nm wavelength, which is emitted from
the semiconductor laser of the module 2 and then
enters the prism 23 of the optical coupling and dividing
device 14, is all transmitted through the dielectric multi-
layer film 25, being omitted from the prism 24 of the opti-
cal coupling and dividing device 14.

In the composition shown in FIG.7, the distance
from the module 1 to the optical coupling and dividing
device 14 is longer than the distance from the module 2
to the optical coupling and dividing device 14. Here,
when the optical coupling and dividing device 14 shown
in FIGS.9A to 10B is substituted for the optical coupling
and dividing device 14 in FIG.7, even if the distance
from the module 1 to the optical coupling and dividing
device 14 is equal to the distance from the module 2 to
the optical coupling and dividing device 14, the effective
optical path length from the module 1 to the collimator
lens 4 as to the light with 635 nm wavelength can be
longer than the effective optical path length from the
module 2 to the collimator lens 4 as to the light with 785
nm wavelength.

In the first and second embodiments shown in
FIGS.5 and 7, the optical utilization ratio in both ways in
the optical coupling and dividing devices 3 and 14 is 100
% to both the wavelengths of 635 and 785. Therefore,
with respect to 635 nm wavelength, a reproduced signal
from the disk 7 has a S/N ratio equal to that in an usual
optical head device and a semiconductor laser of the
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module 1 is only required to have an output power equal
to that in an usual optical head device, and the record-
ing of the disk 7 can be performed as well as the repro-
ducing. With respect to 785 nm wavelength, a
reproduced signal from the disk 8 has a S/N ratio equal
to that in an usual optical head device and a semicon-
ductor laser of the module 2 is only required to have an
output power equal to that in an usual optical bead
device, and the recording of the disk 8 can be performed
as well as the reproducing. Furthermore, since the sem-
iconductor laser of the module 2 has the 785 nm wave-
length, even if the disk 8 is a rewritable-type compact
disk, the reproducing can be performed.

FIGS.11A and 11B show another composition of
the optical coupling and dividing device 3 used in the
first embodiment in FIG.5. The optical coupling and
dividing device 3 is composed of a prism 9 and a prism
10 which are adhered through a hologram 26. In this
composition, an incident light 12 with 635 nm wave-
length, which is emitted from the semiconductor laser of
the module 1 and then enters the prism 9 of the optical
coupling and dividing device 3, as shown in FIG.11A, is
all transmitted through the hologram 26, then being
emitted from the prism 10 of the optical coupling and
dividing device 3. On the other hand, an incident light 13
with 785 nm wavelength, which is emitted from the sem-
iconductor laser of the module 2 and then enters the
prism 10 of the optical coupling and dividing device 3,
as shown in FIG.11B, is reflected and diffracted as a
+1st-order diffraction light by the hologram 26, then
being emitted from the prism 10 of the optical coupling
and dividing device 3.

FIGS.12A and 12B show compositions of the holo-
gram 26 in FIGS.11A and 11B. As shown in FIG.12A,
the hologram 26 is composed of a dielectric multilayer
film 28 and a SiO2 filim 27 as a hologram layer, which
are formed on the oblique plane of the prism 9 with an
adhesive 29 filled between them and the oblique plane
of the prism 10. On the other hand, as shown in
FIG.12B, the hologram 26 may be composed of a die-
lectric multilayer film 31 and a SiO2 film 30 as a holo-
gram layer, which are formed on the oblique plane of the
prism 9 with an adhesive 32 filled between them and the
oblige plane of the prism 10. The hologram 26 in
FIG.12B is different from that in FIG.12A in cross-sec-
tional forms of the SiO2 film 30 and dielectric multilayer
film 31.

The dielectric multilayer films 28 and 31 have a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on. The adhesives 29, 32 and the SiO2 films
27, 30 have like refractive indexes. By the combination
of the SiO2 film 27 or 30, the dielectric multilayer film 28
or 31 and the adhesive 29 or 32, the light with 635 nm
wavelength is all transmitted through and the light with
785 nm wavelength is all reflected and diffracted on.
The hologram 26 functions an convex surface mirror to
a +1st-order diffraction light.

In these compositions, an incident light 12 with 635
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nm wavelength, which is emitted from the semiconduc-
tor laser of the module 1 and then enters the hologram
26, as shown in FIGS.12A and 12B, is all transmitted
through the SiO2 film 27 or 30, dielectric multilayer film
28 or 31 and adhesive 29 or 32, then being emitted from
the hologram 26. On the other hand, an incident light 13
with 785 nm wavelength, which is emitted from the sem-
iconductor laser of the module 2 and then enters the
hologram 26, as shown in FIGS.12A and 12B, is
reflected and diffracted as a +1st-order diffraction light
by the adhesive 29 or 32 and dielectric multilayer film 28
or 31, then being emitted from the hologram 26.

As shown in FIG.12A, when the SiO2 film 27 has a
rectangular section form, a diffraction efficiency to a
+1st-order diffraction light is 40.5 % at maximum. On
the other hand, as shown in FIG.12B, when the SiO2
film 30 has a step-like section form, a diffraction effi-
ciency to a +1st-order diffraction light is increased, i.e.,
81 % at maximum in a four level step form and 95% at
maximum in an eight level step form.

In the composition of the first embodiment shown in
FIG.5, the distance from the module 2 to the optical cou-
pling and dividing device 3 is shorter than the distance
from the module 1 to the optical coupling and dividing
device 3. Here, by using the optical coupling and divid-
ing device 3 as shown in FIGS.11A and 11B, an appar-
ent luminous point to the light with 785 nm wavelength
becomes closer to the optical coupling and dividing
device 3 than that to the light with 635 nm wavelength.
Therefore, even if the distance from the module 1 to the
optical coupling and dividing device 3 is equal to the dis-
tance from the module 2 to the optical coupling and
dividing device 3, the effective optical path length from
the module 2 to the collimator lens 4 as to the light with
785 nm wavelength can be shorter than the effective
optical path length from the module 1 to the collimator
lens 4 as to the light with 635 nm wavelength.

The optical utilization ratio in both ways in the opti-
cal coupling and dividing devices 3 shown in FIGS.11A
and 11B is 100 % to 635 nm wavelength and 66 % at
maximum in a four level stop form of the SiO2 film 30 or
90 % at maximum in an eight level step form of the SiO2
film 30 to 785 nm wavelength. Therefore, with respect to
635 nm wavelength, a reproduced signal from the disk 7
has a S/N ratio equal to that in an usual optical head
device and a semiconductor laser of the module 1 is
only required to have an output power equal to that in an
usual optical head device, and the recording of the disk
7 can be performed as well as the reproducing.

With respect to 785 nm wavelength, if the semicon-
ductor laser of the module 2 has an output power equal
to that in an usual optical head device, the amount of
light received by the optical detector of the module 2 is
66 to 90 % as compared to that of an usual optical head
device, but the S/N ratio of a reproduced signal from the
disk 8 is not so reduced as compared to that in an usual
optical head device. Besides, in order to make the
amount of light received by the optical detector of the
module 2 equal to that of an usual optical head device,
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the semiconductor laser of the module 2 is required to
have an output power 1.1 to 1.5 times that in an usual
optical head device. However, the requirement can be
easily satisfied as compared to the conventional optical
head device.

FIGS.13A and 13B show a fourth composition of
the optical coupling and dividing device 14 used in the
second embodiment shown in FIG.7. The optical cou-
pling and dividing device 14 is composed of a prism 9
and a prism 10 which are adhered through a hologram
33. In this composition, an incident light 17 with 635 nm
wavelength, which is emitted from the semiconductor
laser of the module 1 and then enters the prism 10 of
the optical coupling and dividing device 14, as, shownin
FIG.13A, is reflected and diffracted as a +1st-order dif-
fraction light by the hologram 33, then being emitted
from the prism 10 of the optical coupling and dividing
device 14. On the other hand, an incident light 18 with
785 nm wavelength, which is emitted from the semicon-
ductor laser of the module 2 and then enters the prism
9 of the optical coupling and dividing device 14, as
shown in FIG.13B, is all transmitted through the holo-
gram 33, than being emitted from the prism 10 of the
optical coupling and dividing device 14.

FIGS.14A and 14B show compositions of the holo-
gram 33 in FIGS.13A and 13B. As shown in FIG.14A,
the hologram 33 is composed of a dielectric multilayer
film 35 and a SiO2 fiim 34 as a hologram layer, which
are formed on the oblige plane of the prism 9 with an
adhesive 36 filled between them and the oblique plane
of the prism 10. On the other hand, as shown in
FIG.14B, the hologram 33 may be composed of a die-
lectric multilayer film 38 and a SiO2 film 37 as a holo-
gram layer, which are formed on the oblique plane of the
prism 9 with an adhesive 39 filled between them and the
oblique plane of the prism 10. The hologram 33 in
FIG.14B is different from that in FIG.14A in cross-sec-
tional forms of the SiO2 film 37 and dielectric multilayer
film 38.

The dielectric multilayer films 35 and 38 have a
function that a light with 635 nm wavelength is all
reflected on and a light with 785 nm wavelength is all
transmitted through. The adhesives 36, 39 and the SiO2
films 34, 37 have like refractive indexes. By the combi-
nation of the SiO2 film 34 or 37, the dielectric multilayer
film 35 or 38 and the adhesive 36 or 39, the light with
635 nm wavelength is all reflected and diffracted on and
the light with 785 nm wavelength is all transmitted
through. The hologram 33 functions an concave surface
mirror to a +1st-order diffraction light.

In these compositions, an incident light 17 with 635
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 1 and then enters the hologram
33, as shown in FIGS.14A and 14B, is reflected and dif-
fracted as a +1st-order diffraction light by the adhesive
36 or 39 and dielectric multilayer film 35 or 38, then
being emitted from the hologram 33. On the other hand,
an incident light 18 with 785 nm wavelength, which is
emitted from the semiconductor laser of the module 2
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and then enters the hologram 33, as shown in FIGS.14A
and 14B, is all transmitted through the SiO2 film 34 or
37, dielectric multilayer film 35 or 38 and adhesive 36 or
39, then being emitted from the hologram 33.

As shown in FIG.14A, when the SiO2 film 34 has a
rectangular section form, a diffraction efficiency to a
+1st-order diffraction light is 40.5 % at maximum. On
the other hand, as shown in FIG.14B, when the SiO2
film 37 has a step-like section form, a diffraction effi-
ciency to a +1st-order diffraction light is increased, i.e.,
81 % at maximum in a four level step form and 95% at
maximum in an eight level step form.

In the composition of the second embodiment
shown in FIG.7, the distance from the module 1 to the
optical coupling and dividing device 14 is longer than
the distance from the module 2 to the optical coupling
and dividing device 14. Here, by using the optical cou-
pling and dividing device 14 as shown in FIGS.13A and
13B, an apparent luminous point to the light with 635 nm
wavelength becomes farther from the optical coupling
and dividing device 14 than that to the light with 785 nm
wavelength. Therefore, even if the distance from the
module 1 to the optical coupling and dividing device 14
is equal to the distance from the module 2 to the optical
coupling and dividing device 14, the effective optical
path length from the module 1 to the collimator lens 4 as
to the light with 635 nm wavelength can be longer than
the effective optical path length from the module 2 to the
collimator lens 4 as to the light with 785 nm wavelength.

The optical utilization ratio in both ways in the opti-
cal coupling and dividing devices 14 shown in FIGS.13A
and 13B is 66 % at maximum in a four level step form of
the SiO2 film 30 or 90 % at maximum in an eight level
step form of the SiO2 film 30 to 635 nm wavelength and
is 100 % to 785 nm wavelength. Therefore, with respect
to 635 nm wavelength, if the semiconductor laser of the
module 1 has an output power equal to that in an usual
optical head device, the amount of light received by the
optical detector of the module 1 is 66 to 90 % as com-
pared to that of an usual optical head device, but the
S/N ratio of a reproduced signal from the disk 7 is not so
reduced as compared to that in an usual optical head
device. Besides, in order to make the amount of light
received by the optical detector of the module 1 equal to
that of an usual optical head device, the semiconductor
laser of the module 1 is required to have an output
power 1.1 to 1.5 times that in an usual optical head
device. However, the requirement can be easily satis-
fied as compared to the conventional optical head
device. On the other hand, with respect to 785 nm wave-
length, a reproduced signal from the disk 8 has a S/N
ratio equal to that in an usual optical head device and a
semiconductor laser of the module 2 is only required to
have an output power equal to that in an usual optical
head device, and the recording of the disk 8 can be per-
formed as well as the reproducing.

FIG.15 shows a pattern of interference fringe of the
hologram 26 which is used in the optical coupling and
dividing device 3 shown in FIGS.11A and 11B and the
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hologram 33 which is used in the optical coupling and
dividing device 14 shown in FIGS.13A and 13B.

FIGS.16A and 16B show a composition of the aper-
ture control device 5 used in the first and second
embodiments as shown in FIGS.5 and 7, where
FIG.16A is a plan view thereof and FIG.16B is a sec-
tional view cut along the A-A' line in FIG.16A. The aper-
ture control device 5 is, as shown in FIGS.16A and 16B,
composed of a glass substrate 40, a dielectric multilayer
film 41 which is formed on the outside of a circular
region in the central part of the glass substrate 40, and
a SiO2 film 42 as a phase compensating film which is
formed on the inside of the circular region.

The diameter of the circular region is smaller than
the effective diameters of the objective lens 6 used in
the first embodiment as shown in FIG.5 and the objec-
tive lens 15 used in the second embodiment as shown
in FIG.7. The dielectric multilayer film 41 ham a function
that a light with 635 nm wavelength is all transmitted
through and a light with 785 nm wavelength is all
reflected on. The SiO2 film 42 has a function that
adjusts a phase difference between a light transmitting
through the dielectric multilayer film 14 on the outside of
the circular region and the air and a light transmitting
through the SiO2 film 42 on the inside of the circular
region to be zero with respect to 635 nm wavelength.

Thus, the light with 635 nm wavelength is all trans-
mitted through both the outside and the inside of the cir-
cular region of the aperture control device 5. On the
other hand, the light with 785 nm wavelength is all
reflected on the outside of the circular region and is all
transmitted through the inside of the circular region.

FIGS.17A and 17B show another composition of
the aperture control device 5 used in the first and sec-
ond embodiments as shown in FIGS.5 and 7, where
FIG.17A is a plan view thereof and FIG.17B is a sec-
tional view cut along the A-A' line in FIG.17A. The aper-
ture control device 5 is, as shown in FIGS.17A and 17B,
composed of a glass substrate 40 on the outside of a
circular region in the central part of which a SiO2 film 43
and a dielectric multilayer film 44 are formed as a dif-
fraction grating layer, and a glass substrate 46 on the
inside of the circular region of which a SiO2 film 47 is
formed as a phase compensating fiim, which ace
adhered to each other by an adhesive 45.

The diameter of the circular region is smaller than
the effective diameters of the objective lens 6 used in
the first embodiment as shown in FIG.5 and the objec-
tive lens 15 used in the second embodiment as shown
in FIG.7. The dielectric multilayer film 44 has a function
that a light with 635 nm wavelength is all transmitted
through and a light with 785 nm wavelength is all
reflected on. The adhesive 45 and the SiO2 film 43 have
like refractive indexes.

By the combination of the SiO2 film 43, dielectric
multilayer film 44 and adhesive 45, the light with 635 nm
wavelength is all transmitted through and the light with
785 nm wavelength is all reflected and diffracted on.
The SiO2 film 47 has a function that adjusts a phase dif-
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ference between a light transmitting through the SiO2
film 43, dielectric multilayer film 44 and adhesive 45 on
the outside of the circular region and the air and a light
transmitting through the adhesive 45 and SiO2 film 47
on the inside of the circular region to be zero with
respect to 635 nm wavelength.

Thus, the light with 635 nm wavelength is all trans-
mitted through both the outside and the inside of the cir-
cular region of the aperture control device 5. On the
other hand, the light with 785 nm wavelength is all
reflected and diffracted on the outside of the circular
region and is all transmitted through the inside of the cir-
cular region. The pattern of the SiO2, which is formed
as straight lines shown in FIG.17A, may be formed as
another form such as concentric circles.

The effective numerical apertures of the objective
lens 6 used in the first embodiment as shown in FIG.5
and the objective lens 15 used in the second embodi-
ment as shown in FIG.7 are determined by the effective
diameters of the objective lenses 6 and 15, respectively
to the light with 635 nm wavelength and are determined
by the diameter of the circular region of the aperture
control device 5 shown in FIG.16A or 17A to the light
with 785 nm wavelength. Thus, a numerical aperture as
to a digital video disk can be smaller than a numerical
aperture as to a compact disk, for example, the former
is 0.6 and the latter is 0.45.

Meanwhile, when only the objective lens 6 used in
the first embodiment as shown in FIG.5 or the objective
lens 15 used in the second embodiment as shown in
FIG.7 is driven in the direction of tracking by an actuator,
the light with 785 nm wavelength transmitting through
the aperture control device 5 shown in FIG.16A or 17A
in a forward way cannot be all transmitted through the
aperture control device 5 in a return way since the light
axis is shifted from the center axis of the circular region
of the aperture control device 5, therefore resulting in a
loss in the amount of light. However, by integrally driving
the aperture control device 5 with the objective lens 6 or
15 by an actuator, such loss in the amount of light can
be prevented.

The dielectric multilayer fiim 11 of the optical cou-
pling and dividing device 3 shown in FIGS.6A and 6B,
the dielectric multilayer film 16 of the optical coupling
and dividing device 14 shown in FIGS.8A and 8B, the
dielectric multilayer film 21 of the optical coupling and
dividing device 14 shown in FIGS.9A and 9B, the dielec-
tric multilayer film 25 of the optical coupling and dividing
device 14 shown in FIGS.10A and 10B, the dielectric
multilayer fiims 28, 31 of the hologram 26 shown in
FIGS.12A and 12B, the dielectric multilayer films 35, 38
of the hologram 33 shown in FIGS.14A and 14B, the
dielectric multilayer film 41 of the aperture control
device 5 shown in FIG.16B, and the dielectric multilayer
film 44 of the aperture control device 5 shown in
FIG.17B can be made by forming an odd number of lay-
ers in which a high refractive index layer such as TiO2
and a low refractive index layer such as SiO2 are alter-
nately deposited.
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Here, if the refractive indexes, thicknesses
and incident angles of the high refractive index
layer and low refractive index layer are ni1, n2,
di, d2 and 61, 62, respectively,
n1d1/cos01=n2d2/cos62=2/4(.=785 nm) should be
satisfied in the case that a light with 635 nm wavelength
is all transmitted through and a light with 785 nm wave-
length is all reflected on, or,
n1d1/cos01=n2d2/cos62=2/4(»=635 nm) should be
satisfied in the case that a light with 635 nm wavelength
is all reflected on and a light with 785 nm wavelength is
all transmitted through.

FIG.18 shows a composition of the modules 1 and
2 used in the first and second embodiments as shown in
FIGS.5 and 7. The module is composed of a semicon-
ductor laser 48, an optical detector 49, a package 50 for
packaging them, and an diffraction optical device 51
and an hologram optical device 52 which are disposed
on the window of the package 50 with a spacer 53
inserted therebetween. The diffraction optical device 51
and the hologram optical device 52 have structures that
SiO2 patterns are formed on glass substrates and have
a function that a part of an incident light is transmitted
through and a part of the incident light is diffracted on.

In such module, a light emitted from the semicon-
ductor laser 48 is divided into a transmitted light and a
+1st-order diffraction light by the diffraction optical
device 51, each of which is by around 50% transmitted
through the hologram optical device 52, then being
directed to the disk. The two lights reflected on the disk
are diffracted by around 40% as a *1st-order diffraction
light on the hologram optical device 52, being transmit-
ted through the diffraction optical device 51, being
received by the optical detector 49.

FIG.19A shows a pattern of interference fringe of
the diffraction optical device 51. The diffraction optical
device 51 has the pattern only in a central region 54
thereof. The light emitted from the semiconductor laser
48 is transmitted through the inside of the region 54,
and the light reflected on the disk is transmitted through
the outside of the region 54. FIG.19B shows a pattern of
interference fringe of the hologram optical device 52.
The hologram optical device 52 has an off-axis concen-
tric circle pattern, and it functions as a convex lens to a
+1st-order diffraction light and as a concave lens to a -
1st-order diffraction light.

FIGS.20A and 20B show a pattern of light-receiving
part of the optical detector 49 and locations of light
spots on the light-receiving part in the case that the dif-
fraction optical device 51 with he pattern of interference
fringe shown in FIG.19A and the hologram optical
device 52 with the pattern of interference fringe shown
in FIG.19B are used, where FIG.20A is a plan view and
FIG.20B is a side view of the central partin FIG.20A. As
shown in FIGS.20A and 20B, the semiconductor laser
48 is disposed on the optical detector 49 through a heat
sink 55. A light laterally emitted from the semiconductor
laser 48 is reflected on a mirror 56, being directed
upward as shown in FIG.20B.
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Of the transmitted light through the diffraction opti-
cal device 51 in the forward way, the +1st-order diffrac-
tion light by the hologram optical device 52 in the return
way forms a light spot 67 on light-receiving parts 57 to
59 which are divided into three parts, and the -1st-order
diffraction light by the hologram optical device 52 in the
return way forms a light spot 68 on light-receiving parts
60 to 62 which are divided into three parts. Also, of the
+1st-order diffraction light by the diffraction optical
device 51 in the forward way, the +1st-order diffraction
light by the hologram optical device 52 in the return way
forms light spots 69, 70 on light-receiving parts 63, 64,
respectively, and, of the -1st-order diffraction light by the
diffraction optical device 51 in the forward way, the +1st-
order diffraction light by the hologram optical device 52
in the return way forms light spots 71, 72 on light-receiv-
ing parts 65, 66, respectively. The light-receiving parts
57 to 59, 63 and 65 are located behind the focusing
point, and the light-receiving parts 60 to 62, 64 and 66
are located before the focusing point.

If the levels of electrical signals obtained by the
photoelectric conversion of the light-receiving parts 57
to 66 are represented by V57 to V66, respectively, a
focus error signal is obtained by the operation of
{(V57+V59+V61)-(V58+V60+V62)} on the known spot
size method, and a track error signal is obtained by the
operation of {(V63+V64)-(V65+V66)} on the known
three beam method. Also, a reproduction signal of the
disk is obtained by the operation of
(V57+V58+V59+V60+V61+V62).

FIG.21 shows another pattern of interference fringe
of the hologram optical device 52. The hologram optical
device 52 is divided into two regions 73, 74.

FIG.22 shown a pattern of light-receiving part of the
optical detector 49 and locations of light spots on the
light-receiving part in the ease that the diffraction optical
device 51 with the interference fringe pattern shown in
FIG.19A and the hologram optical device 52 with the
interference fringe pattern shown in FIG.21 are used.
The semiconductor laser 48 is disposed on the optical
detector 49 as shown in FIG.20B.

In FIG.22, of the transmitted light through the dif-
fraction optical device 51 in the forward way, the +1st-
order diffraction light by the region 73 of the hologram
optical device 52 in the return way forms a light spot 87
on the dividing line of light-receiving parts 75, 76 which
are divided into two parts, and the +1st-order diffraction
light by the region 74 of the hologram optical device 52
in the return way forms a light spot 88 on the dividing
line of light-receiving parts 77, 78 which are divided into
two parts. Also, of the transmitted light through the dif-
fraction optical device 51 in the forward way, the -1st-
order diffraction light by the region 73 of the hologram
optical device 52 in the return way forms a light spot 89
on the dividing line of light-receiving parts 79, 80 which
are divided into two parts, and the -1st-order diffraction
light by the region 74 of the hologram optical device 52
in the return way forms a light spot 90 on the dividing
line of light-receiving parts 81, 82 which are divided into
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two parts.

On the other hand, of the +1st-order diffraction light
by the diffraction optical device 51 in the forward way,
the +1st-order diffraction lights by the regions 73, 74 of
the hologram optical device 52 in the return way form
light spots 91, 92, respectively on a light-receiving part
83, and, the -1st-order diffraction lights by the regions
73, 74 of the hologram optical device 52 in the return
way form light spots 93, 94, respectively on a light-
receiving part 84. Also, of the -1st-order diffraction light
by the diffraction optical device 51 in the forward way,
the +1st-order diffraction lights by the regions 73, 74 of
the hologram optical device 52 in the return way form
light spots 95, 96, respectively on a light-receiving part
85, and the -1st-order diffraction lights by the regions
73, 74 form light spots 97, 98, respectively on a light-
receiving part 86.

If the levels of electrical signals obtained by the
photoelectric conversion of the light-receiving parts 75
to 86 are represented by V75 to V86, respectively, a
focus error signal is obtained by the operation of
{(V75+V78+V79+V82)-(V76+V77+V80+V81)} on the
known Foucault method, and a track error signal is
obtained by the operation of {(V83+V84)-(V85+V86)} on
the known three beam method. Also, a reproduction sig-
nal of the disk is obtained by the operation of
(V75+V76+V77+V78+V79+V80+V81+V82).

An optical head device in the third preferred embod-
iment will be explained in FIG.23, wherein like parts are
indicated by like reference numerals as used in FIG.5.

In FIG.23, both a module 99 and a module 100, as
explained after, include a semiconductor laser and an
optical detector which receives light reflected on a disk.
The semiconductor laser of the module 99 emits light
with 635 nm wavelength, and the semiconductor laser
of the module 100 emits light with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 99 is transmitted through a 1/2 wavelength plate
101, an optical coupling and dividing device 3, a colli-
mator lens 4, a polarization hologram optical device
102, a 1/4 wavelength plate 103 and an aperture control
device 5, entering an objective lens 6 as a collimated
light, then being focused on a disk 7 such as a digital
video disk with a substrate thickness of 0.6 mm. Light
reflected on the disk 7 is reversely transmitted through
the objective lens 6, aperture control device 5 and 1/4
wavelength plate 103, being diffracted as a * diffraction
light by the polarization hologram optical device 102,
then being transmitted through the collimator lens 4,
optical coupling and dividing device 3 and 1/2 wave-
length plate 101, being received by the optical detector
of the module 99.

On the other hand, light emitted from the semicon-
ductor laser of the module 100 is reflected on the optical
coupling and dividing device 3, being transmitted
through the collimator lens 4, polarization hologram
optical device 102, 1/4 wavelength plate 103 and aper-
ture control device 5, entering the objective lens 6 as a
divergent light, then being focused on a disk 8 such as
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a compact disk with a substrate thickness of 1.2 mm.
Light reflected on the disk 8 is reversely transmitted
through the objective lens 6, aperture control device 5
and 1/4 wavelength plate 103, being diffracted as a *
diffraction light by the polarization hologram optical
device 102, then being transmitted through the collima-
tor lens 4 and optical coupling and dividing device 3,
being received by the optical detector of the module
100. The polarization hologram optical device 102, 1/4
wavelength plate 103 and aperture control device 5 can
be integrally driven with the objective lens 6 in the direc-
tions of focusing and tracking by an actuator(not
shown).

The optical coupling and dividing device 3 has the
same composition as shown in FIGS.6A and 6B, and
the aperture control device 5 has the same composition
as shown in FIGS.16A and 16B or FIGS.17A and 17B.
The optical path length from the module 100 to the col-
limator lens 4 as to the light with 785 nm wavelength is
shorter than the optical path length from the module 99
to the collimator lens 4 as to the light with 635 nm wave-
length.

Here, if phase differences between lights transmit-
ting through the line part and space part of the polariza-
tion hologram optical device 102 as to an ordinary light
and an extraordinary light are represented by @, and
D,, respectively, since the polarization hologram optical
device 102 is designed to give $,=0, P,=r as to 635 nm
wavelength, ®,=0, ©,=0.81n are given as to 785 nm
wavelength. Here, if transmissivities as to an ordinary
light and an extraordinary light are represented by ng,,
Nge respectively, and, if 1st-order diffraction efficien-
cies as to an ordinary light and an extraordinary light are
represented by M4, M1e, respectively, next equations
are given:

M 60=008 (P /2] (M
M o=c08 > (P ,/2) @
M 10=(8/m%)sin *( 4/2) (3)
N 1o=(8/n°)sin®(® ,/2) (4)

Therefore, as to 635 nm wavelength, ng,=1, 10s=0,
N10=0 and n1,=0.81 are given, and, as to 785 nm wave-
length, ngo=1, Npe=0.09, N1,=0 and 11,=0.74 are given.

On the other hand, if a phase difference between
an ordinary light and an extraordinary light in the 1/4
wavelength plate 103 is represented by &, the 1/4 wave-
length plate 103 is designed to give ®=n/2 as to 635
nm wavelength, ©=0.40r 19 given as to 785 nm wave-
length. When a linearly polarized light enters the 1/4
wavelength plate 103, the values of polarization compo-
nents parallel and perpendicular to an incident light of
the light transmitting through the 1/4 wavelength plate
103 in the forward and return ways are represented by
cosZCD, sin2d>, respectivelgl. Therefore, as to 635 nm
wavelength, coszd>=0, sin“®=1 are given, and, as to
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785 nm wavelength, cosZCI>=0.09, sin?®=0.91 are
given.

Accordingly, the light emitted from the semiconduc-
tor laser of the module 99 is rotated by 90° polarization
direction by the 1/2 wavelength plate 101, entering the
polarization hologram optical device 102 as an ordinary
light and all transmitted through it, then being converted
from a linear polarization into a circular polarization by
the 1/4 wavelength plate 103, being directed to the disk
7. The light reflected on the disk 7 is converted from a
circular polarization into a linear polarization by the 1/4
wavelength plate 103, entering the polarization holo-
gram optical device 102 as an extraordinary light and
diffracted by 81% as a *-order diffraction light, then
being received by the optical detector of the module 99.

On the other hand, the light emitted from the semi-
conductor laser of the module 109 enters the polariza-
tion hologram optical device 102 as an ordinary light
and all transmitted through it, then being converted from
a linear polarization into an elliptic polarization by the
1/4 wavelength plate 103, being directed to the disk 8.
The light reflected on the disk 8 is converted from the
elliptic polarization into another elliptic polarization by
the 1/4 wavelength plate 103, then entering the polari-
zation hologram optical device 102. The values of ordi-
nary and extraordinary light components of this elliptic
polarization is 9%, 91%, respectively. Then, by 9% of
the ordinary light and by 74% of the extraordinary light
are diffracted as a *-order diffraction light, being
received by the optical detector of the module 100.

Though, in the third embodiment as shown in
FI1G.23, the optical coupling and dividing device 3 uses
the dielectric multilayer film 11 in which the light with
635 nm wavelength is all transmitted through and the
light with 785 nm wavelength is all reflected on, the opti-
cal coupling and dividing device 3 may use another die-
lectric multilayer film in which the light with 635 nm
wavelength is all reflected on and the light with 785 nm
wavelength is all transmitted through. In this case, the
positions of the module 99 and module 100 need to be
exchanged with each other.

An optical head device in the fourth preferred
embodiment will be explained in FIG.24, wherein like
parts are indicated by like reference numerals as used
in FIG.7.

In FIG.24, both a module 99 and a module 100
include a semiconductor laser and an optical detector
which receives light reflected on a disk. The semicon-
ductor laser of the module 99 emits light with 635 nm
wavelength, and the semiconductor laser of the module
100 emits light with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 99 is reflected on an optical coupling and divid-
ing device 14, being transmitted through a collimator
lens 4, a polarization hologram optical device 105, a 1/4
wavelength plate 106 and an aperture control device 5,
entering an objective lens 15 as a convergent light, then
being focused on a disk 7 such as a digital video disk
with a substrate thickness of 0.6 mm. Light reflected on
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the disk 7 is reversely transmitted through the objective
lens 15, aperture control device 5 and 1/4 wavelength
plate 106, being diffracted as a * diffraction light by the
polarization hologram optical device 105, then being
transmitted through the collimator lens 4 and optical
coupling and dividing device 14, being received by the
optical detector of the module 99.

On the other hand, light emitted from the semicon-
ductor laser of the module 100 is transmitted through a
1/2 wavelength plate 104, the optical coupling and divid-
ing device 14, collimator lens 4, polarization hologram
optical device 105, 1/4 wavelength plate 106 and aper-
ture control device 5, entering an objective lens 15 as a
collimated light, then being focused on a disk 8 such as
a compact disk with a substrate thickness of 1.2 mm.
Light reflected on the disk 8 is reversely transmitted
through the objective lens 15, aperture control device 5
and 1/4 wavelength plate 106, being diffracted as a +
diffraction light by the polarization hologram optical
device 105, then being transmitted through the collima-
tor lens 4, optical coupling and dividing device 14 and
1/2 wavelength plate 102, being received by the optical
detector of the module 100. The polarization hologram
optical device 105, 1/4 wavelength plate 106 and aper-
ture control device 5 can be integrally driven with the
objective lens 15 in the directions of focusing and track-
ing by an actuator(not shown).

The optical coupling and dividing device 14 has the
same composition as shown in FIGS.8A and 8B, and
the aperture control device 5 has the same composition
as shown in FIGS.16A and 16B or FIGS.17A and 17B.
The optical path length from the module 99 to the colli-
mator lens 4 as to the light with 635 nm wavelength is
longer than the optical path length from the module 100
to the collimator lens 4 as to the light with 785 nm wave-
length.

Here, if phase differences between lights transmit-
ting through the line part and space part of the polariza-
tion hologram optical device 105 as to an ordinary light
and an extraordinary light are represented by &, and
&, respectively, since the polarization hologram optical
device 105 is designed to give ©,=0, ® =n as to 785
nm wavelength, ®,=0, ®,=1.24n are given as to 635
nm wavelength. Here, if transmissivities as to an ordi-
nary light and an extraordinary light are represented by
Moo Noes respectively, and, if +1st-order diffraction effi-
ciencies as to an ordinary light and an extraordinary
light are represented by n4,, N1, respectively, the afore-
mentioned equations (1) to (4) are given.

Therefore, as to 635 nm wavelength, ng,=1,
Npe=0.13, n1,=0 and 14,=0.70 are given, and as to 785
nm wavelength, ngo=1, 1Mpe=0, N10,=0 and n1,=0.81 are
given.

On the other hand, if a phase difference between
an ordinary light and an extraordinary light in the 1/4
wavelength plate 106 is represented by &, the 1/4 wave-
length plate 106 is designed to give ®=n/2 as to 785
nm wavelength, ®=0.62x is given as to 635 nm wave-
length. When a linearly polarized light enters the 1/4
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wavelength plate 106, the values of polarization compo-
nents parallel and perpendicular to an incident light of
the light transmitting through the 1/4 wavelength plate
106 in the forward and return ways are represented by
cosZCD, sin 2(1), respectively. Therefore, as to 635 nm
wavelength, cos2®=0.13 , sin®®=0.87 are %iven, and,
as to 785 nm wavelength, cosch:o, sin“®=1 are
given.

Accordingly, the light emitted from the semiconduc-
tor laser of the module 99 enters the polarization holo-
gram optical device 105 as an ordinary light and all
transmitted through it, then being converted from a lin-
ear polarization into an elliptic polarization by the 1/4
wavelength plate 106, being directed to the disk 7. The
light reflected on the disk 7 is converted from the elliptic
polarization into another elliptic polarization by the 1/4
wavelength plate 106, then entering the polarization
hologram optical device 105. The values of ordinary and
extraordinary light components of this elliptic polariza-
tion is 13%, 87%, respectively. Then, by 13% of the ordi-
nary light and by 70% of the extraordinary light are
diffracted as a +-order diffraction light, being received by
the optical detector of the module 99.

On the other hand, the light emitted from the semi-
conductor laser of the module 100 is rotated by 90°
polarization direction by the 1/2 wavelength plate 104,
entering the polarization hologram optical device 105 as
an ordinary light and all transmitted through it, then
being converted from a linear polarization into a circular
polarization by the 1/4 wavelength plate 106, being
directed to the disk 8. The light reflected on the disk 8 is
converted from a circular polarization into a linear polar-
ization by the 1/4 wavelength plate 106, entering the
polarization hologram optical device 105 as an extraor-
dinary light and diffracted by 81% as a *-order diffrac-
tion light, then being received by the optical detector of
the module 100.

Though, in the fourth embodiment as shown in
F1G.24, the optical coupling and dividing device 14 uses
the dielectric multilayer film 16 in which the light with
635 nm wavelength is all reflected on and the light with
785 nm wavelength is all tfransmitted through, the opti-
cal coupling and dividing device 14 may use another
dielectric multilayer film in which the light with 635 nm
wavelength is all transmitted through and the light with
785 nm wavelength is all reflected on. In this case, the
positions of the module 99 and module 100 need to be
exchanged with each other.

Next, components used in the third and fourth
embodiments as shown in FIGS.23 and 24 will be
detailed.

FIG.25 shows a composition of the modules 99 and
100. The module is composed of a semiconductor laser
107, an optical detector 108 and a package 50 for pack-
aging them. The light emitted from the semiconductor
laser 107 is transmitted through the polarization holo-
gram optical device 102 or 105, being directed to the
disk. The light reflected on the disk is diffracted as a *-
order diffraction light by the polarization hologram opti-
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cal device 102 or 105, being received by the optical
detector 108.

FIG.26A shows a pattern of interference fringe of
the polarization hologram optical devices 102, 105, and
FIG.26B is a sectional view thereof. As shown in
FIG.26B, the polarization hologram optical devices 102,
105 are a structure that a pattern of proton exchanging
region and Nb205 111 is formed on a lithium niobate
substrate 109 which has a birefringence characteristic.

The interference fringe pattern of the polarization
hologram optical devices 102, 105 is, as shown in
FIG.26A, divided into four regions 112 to 115. Each of
the regions has an off-axis concentric circle pattern.
The regions 112, 115 function as a convex lens to a +-
order diffraction light and as a concave lens to -1st-
order diffraction light, and the regions 113, 114 function
as a concave lens to a +1st-order diffraction light and as
a convex lens to -1st-order diffraction light. The optical
axes of the polarization hologram optical devices 102,
105 are set in the directions of X, Y as shown in
FIG.26A.

FIG.27 shows a pattern of light-receiving part of the
optical detector 108 and locations of light spots on the
light-receiving part in the case that the polarization holo-
gram optical device 102 or 105 with the interference
fringe pattern shown in FIGS.26A is used. The semicon-
ductor laser 107 is disposed on the optical detector 108
as shown in FIG.20B.

The +1st-order diffraction light by the region 112 of
the polarization hologram optical device 102 or 105
forms a light spot 128 on the dividing line of light-receiv-
ing parts 116, 117 which are divided into two parts, and
the -1st-order diffraction light by the region 112 forms a
light spot 132 on a light-receiving part 124.

The +1st-order diffraction light by the region 113 of
the polarization hologram optical device 102 or 105
forms a light spot 129 on the dividing line of light-receiv-
ing parts 118, 119 which are divided into two parts, and
the -1st-order diffraction light by the region 113 forms a
light spot 133 on a light-receiving part 125. The +1st-
order diffraction light by the region 114 of the polariza-
tion hologram optical device 102 or 105 forms a light
spot 130 on the dividing line of light-receiving parts 120,
121 and the -1st-order diffraction light by the region 114
forms a light spot 134 on a light-receiving part 126.

Also, the +1st-order diffraction light by the region
115 of the polarization hologram optical device 102, 105
forms a light spot 131 on the dividing line of light-receiv-
ing parts 122, 123 and the -1st-order diffraction light by
the region 115 forms a light spot 135 on a light-receiving
part 127. The light-receiving parts 116, 117, 122, 123,
125 and 126 are located behind the focusing point, and
the light-receiving parts 118, 119, 120, 121, 124 and
127 are located before the focusing point.

If the levels of electrical signals obtained by the
photoelectric conversion of the light-receiving parts 116
to 127 are represented by V116 to V127, respectively, a
focus error signal is obtained by the operation of
{(V116+V118+V121+V123)-
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(V117+V119+4V1204+V122)} on the known spot size
method, and a track error signal is obtained by the oper-
ation of {(V124+V126)-(V125+V127)} on the known
push-pull method. Also, a reproduction signal of the disk
is obtained by the operation of
(V124+V125+V126+V127). The track error signal is
also obtained by the simple-holding of {(V124+V126)-
(V125+V127)} at a filling point and a rising point of the
reproduction signal of the disk on the known heterodyne
method.

FIG.28 shows another pattern of interference fringe
of the polarization hologram optical devices 102, 105.
The interference fringe pattern of the polarization holo-
gram optical devices 102, 105 is, as shown in FIG.28,
divided into four regions 136 to 139. The optical axes of
the polarization hologram optical devices 102, 105 are
set in the directions of X, Y as shown in FIG.28.

FI1G.29 shows a pattern of light-receiving part of the
optical detector 108 and locations of light spots on the
light-receiving part in the case that the polarization holo-
gram optical device 102 or 105 with the interference
fringe pattern shown in FIGS.28 is used. The semicon-
ductor laser 107 is disposed on the optical detector 108
as shown in FIG.20B.

The +1st-order diffraction light by the region 136 of
the polarization hologram optical device 102 or 105
forms a light spot 152 on the dividing line of light-receiv-
ing parts 140, 141 which are divided into two parts, and
the -1st-order diffraction light by the region 136 forms a
light spot 156 on a light-receiving part 148.

The +1st-order diffraction light by the region 137 of
the polarization hologram optical device 102 or 105
forms a light spot 153 on the dividing line of light-receiv-
ing parts 142, 143 which are divided into two parts, and
the -1st-order diffraction light by the region 137 forms a
light spot 157 on a light-receiving part 149. The +1st-
order diffraction light by the region 138 of the polariza-
tion hologram optical device 102 or 105 forms a light
spot 154 on the dividing line of light-receiving parts 144,
145 and the -1st-order diffraction light by the region 138
forms a light spot 158 on a light-receiving part 150.

Also, the +1st-order diffraction light by the region
139 of the polarization hologram optical device 102, 105
forms a light spot 155 on the dividing line of light-receiv-
ing parts 146, 147 and the -1st-order diffraction light by
the region 139 forms a light spot 159 on a light-receiving
part 151.

If the levels of electrical signals obtained by the
photoelectric conversion of the light-receiving parts 140
to 151 are represented by V140 to V151, respectively, a
focus error signal is obtained by the operation of
{(V140+V142+V145+V147)-
(V141+V143+V144+V146)} on the known Foucault
method, and a track error signal is obtained by the oper-
ation of {(V148+V150)-(V149+V151)} on the known
push-pull method. Also, a reproduction signal of the disk
is obtained by the operation of
(V148+V149+V150+V151). The track error signal is
also obtained by the sample-holding of {(V148+V151)-
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(V149+V150)} at a falling point and a rising point of the
reproduction signal of the disk on the known heterodyne
method.

Though, in the first to fourth embodiments as
shown in FIGS.5, 7, 23 and 24, the two modules which
include the semiconductor laser and optical detector are
used to miniaturize the size, two pairs of blocks, in each
pair of blocks a semiconductor laser and an optical
detector being separately included, may be used.

An optical head device in the fifth preferred embod-
iment will be explained in FIG.30. A module 100
includes a semiconductor laser and an optical detector
which receives light reflected on a disk. A semiconduc-
tor laser 160 emits light with 635 nm wavelength, and
the semiconductor laser of the module 100 emits light
with 785 nm wavelength.

Light emitted from the semiconductor laser 160 is
transmitted through an optical coupling and divid-
ing/optical path control device 161, a collimator lens 4, a
polarization hologram optical device 102, a 1/4 wave-
length plate 103 and an aperture control device 5,
entering an objective lens 6 as a collimated light, then
being focused on a disk 7 such as a digital video disk
with a substrate thickness of 0.6 mm. Light reflected on
the disk 7 is reversely transmitted through the objective
lens 6, aperture control device 5 and 1/4 wavelength
plate 103, being diffracted as a * diffraction light by the
polarization hologram optical device 102, then being
reversely transmitted through the collimator lens 4,
being reflected by the optical coupling and dividing/opti-
cal path control device 161, being received by the opti-
cal detector of the module 100.

On the other hand, light emitted from the semicon-
ductor laser of the module 100 is reflected by the optical
coupling and dividing/optical path control device 161,
then being transmitted through the collimator lens 4,
polarization hologram optical device 102, 1/4 wave-
length plate 103 and aperture control device 5, entering
the objective lens 6 as a divergent light, then being
focused on a disk 8 much as a compact disk with a sub-
strate thickness of 1.2 mm. Light reflected on the disk 8
is reversely transmitted through the objective lens 6,
aperture control device 5 and 1/4 wavelength plate 103,
being diffracted as a * diffraction light by the polariza-
tion hologram optical device 102, then being reversely
transmitted through the collimator lens 4 and optical
coupling and dividing/optical path control device 161,
being received by the optical detector of the module
100. The polarization hologram optical device 102, 1/4
wavelength plate 103 and aperture control device 5 can
be integrally driven with the objective lens 6 in the direc-
tions of focusing and tracking by an actuator(not
shown).

The aperture control device 5 has the same compo-
sition as shown in FIGS.16A, 16B or FIGS.17A, 17B.
The polarization hologram optical device 102 and 1/4
wavelength plate 103 function as those in the third
embodiment as shown in FIG.23.

FIGS.31A to 31C show a composition of the optical
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coupling and dividing/optical path control device 161
used in the fifth embodiment as shown in FIG.30. As
shown in FIGS.31A to 31C, the optical coupling and
dividing/optical path control device 161 is composed of
prisms 162, 163 and 164, which are adhered through
dielectric multilayer films 165, 166. The dielectric multi-
layer film 165 has a function that, of an incident light with
635 nm wavelength, a P-polarization component is all
transmitted through and a S-polarization component is
all reflected on. The dielectric multilayer film 166 has a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on.

An incident light 168 with 635 nm wavelength,
which is emitted from the semiconductor laser 160 and
then enters the prism 162 of the optical coupling and
dividing/optical path control device 161, as shown in
FIG.31A, is projected as a P-polarized light onto the die-
lectric multilayer film 165 and all transmitted through it,
further being all transmitted through the dielectric multi-
layer film 166, then being emitted from the prism 164 of
the optical coupling and dividing/optical path control
device 161. Also, a incident light 169 with 635 nm wave-
length, which is reflected by the disk 7 and then enters
the prism 164 of the optical coupling and dividing/optical
path control device 161, as shown in FIG.31B, is all
transmitted through the dielectric multilayer film 166 and
projected as a S-polarized light onto the dielectric multi-
layer film 165 and is all reflected on it, being all reflected
by a reflection film 167, again being transmitted through
the dielectric multilayer film 166, then being emitted
from the prism 164 of the optical coupling and divid-
ing/optical path control device 161.

On the other hand, an incident light 170 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism
164 of the optical coupling and dividing/optical path con-
trol device 161, as shown in FIG.31C, is all reflected by
the dielectric multilayer film 166, then being emitted
from the prism 164. An incident light with 785 nm wave-
length, which is reflected by the disk 8 and then enters
the prism 164 of the optical coupling and dividing/optical
path control device 161, reversely passes through the
same path as the incident light 170, being emitted from
the prism 164.

An optical head device in the sixth preferred
embodiment will be explained in FIG.32. In the sixth
embodiment, the optical coupling and dividing/optical
path control device 161 used in the fifth embodiment as
shown in FIG.30 is replaced by an optical coupling and
dividing/optical path control device 171.

FIGS.33A to 33C show a composition of the optical
coupling and dividing/optical path control device 171.
As shown in FIGS.33A to 33C, the optical coupling and
dividing/optical path control device 171 is composed of
prisms 172, 173 and 174, which are adhered through
dielectric multilayer films 175, 176. The dielectric multi-
layer film 175 has a function that, of an incident light with
635 nm wavelength, a P-polarization component is all

10

15

20

25

30

35

40

45

50

55

17

transmitted through and a S-polarization component is
all reflected on. The dielectric multilayer film 176 has a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on.

An incident light 168 with 635 nm wavelength,
which is emitted from the semiconductor laser 160 and
then enters the prism 172 of the optical coupling and
dividing/optical path control device 171, as shown in
FIG.33A, is projected as a P-polarized light onto the die-
lectric multilayer film 175 and all transmitted through it,
further being all fransmitted through the dielectric multi-
layer film 176, then being emitted from the prism 174 of
the optical coupling and dividing/optical path control
device 171. Also, an incident light 169 with 635 nm
wavelength, which is reflected by the disk 7 and then
enters the prism 174 of the optical coupling and divid-
ing/optical path control device 171, as shown in
FIG.33B, is all transmitted through the dielectric multi-
layer film 176 and projected as a S-polarized light onto
the dielectric multilayer film 175 and is all reflected on it,
being totally reflected two times on boundary surfaces
of the prism 173 and the air, again being all transmitted
through the dielectric multilayer film 176, then being
emitted from the prism 174 of the optical coupling and
dividing/optical path control device 171.

On the other hand, an incident light 170 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism
174 of the optical coupling and dividing/optical path con-
trol device 171, as shown in FIG.33C, is all reflected by
the dielectric multilayer film 176, then being emitted
from the prism 174. An incident light with 785 nm wave-
length, which is reflected by the disk 8 and then enters
the prism 174 of the optical coupling and dividing/optical
path control device 171, reversely passes through the
same path as the incident light 170, being emitted from
the prism 174.

In the fifth and sixth embodiments as shown in
FIGS.30 and 32, the distance from the module 100 to
the optical coupling and dividing/optical path control
device 161 or 171 is shorter than the distance from the
semiconductor laser 160 to the optical coupling and
dividing/optical path control device 161 or 171. Here, by
using the optical coupling and dividing/optical path con-
trol device 161 as shown in FIGS.31A to 31C or the opti-
cal coupling and dividing/optical path control device 171
as shown in FIGS.33A to 33C, the effective optical path
length from the semiconductor laser 160 to the collima-
tor lens 4 as to the light with 635 nm wavelength can be
equal to the effective optical path length from the mod-
ule 100 to the collimator lens 4 as to the light with 635
nm wavelength, and the effective optical path length
from the module 100 to the collimator long 4 as to the
light with 785 nm wavelength can be shorter than these
effective optical path lengths.

An optical head device in the seventh preferred
embodiment will be explained in FIG.34. A module 99
includes a semiconductor loser and an optical detector
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which receives light reflected on a disk. The semicon-
ductor laser of the module 99 emits light with 635 nm
wavelength, and a semiconductor laser 177 emits light
with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 99 is reflected by an optical coupling and divid-
ing/optical path control device 178, being transmitted
through a collimator lens 4, a polarization hologram
optical device 105, a 1/4 wavelength plate 106 and an
aperture control device 5, entering an objective lens 15
as a convergent light, then being focused on a disk 7
such as a digital video disk with a substrate thickness of
0.6 mm. Light reflected on the disk 7 is reversely trans-
mitted through the objective lens 15, aperture control
device 5 and 1/4 wavelength plate 106, being diffracted
as a * diffraction light by the polarization hologram opti-
cal device 105, then being reversely transmitted through
the collimator lens 4 and the optical coupling and divid-
ing/optical path control device 178, being received by
the optical detector of the module 99.

On the other hand, light emitted from the semicon-
ductor laser 177 is transmitted through the optical cou-
pling and dividing/optical path control device 178,
collimator lens 4, polarization hologram optical device
105, 1/4 wavelength plate 106 and aperture control
device 5, entering the objective lens 15 as a collimated
light, then being focused on a disk 8 such as a compact
disk with a substrate thickness of 1.2 mm. Light
reflected on the disk 8 is reversely transmitted through
the objective lens 15, aperture control device 5 and 1/4
wavelength plate 106, being diffracted as a * diffraction
light by the polarization hologram optical device 105,
then being reversely transmitted through the collimator
lens 4, being reflected by the optical coupling and divid-
ing/optical path control device 178, being received by
the optical detector of the module 99. The polarization
hologram optical device 105, 1/4 wavelength plate 106
and aperture control device 5 can be integrally driven
with the objective lens 15 in the directions of focusing
and tracking by an actuator(not shown).

The aperture control device 5 has the same compo-
sition as shown in FIGS.16A, 16B or FIGS.17A, 17B.
The polarization hologram optical device 105 and 1/4
wavelength plate 106 function as those in the fourth
embodiment as shown in FIG.24.

FIGS.35A to 35C show a composition of the optical
coupling and dividing/optical path control device 178
used in the seventh embodiment as shown in FIG.34.
As shown in FIGS.35A to 35C, the optical coupling and
dividing/optical path control device 178 is composed of
prisms 162, 163 and 164, which are adhered through
dielectric multilayer films 179, 180. The dielectric multi-
layer film 179 has a function that a light with 635 nm
wavelength is all reflected on and a light with 785 nm
wavelength is all transmitted through. The dielectric
multilayer film 180 has a function that a light with 635
nm wavelength is all transmitted through and, of an inci-
dent light with 785 nm wavelength, a P-polarization
component is all transmitted through and a S-polariza-
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tion component is all reflected on.

An incident light 181 with 635 nm wavelength,
which is emitted from the semiconductor laser of the
module 99 and than enters the prism 164 of the optical
coupling and dividing/optical path control device 178, as
shown in FIG.35A, is all transmitted through a dielectric
multilayer film 180, being all reflected by a reflection film
of the prism 163 and the dielectric multilayer film 179,
again being transmitted through the dielectric multilayer
film 180, then being emitted from the prism 164. Aninci-
dent light with 635 nm wavelength, which is reflected by
the disk 7 and then enters the prism 164 of the optical
coupling and dividing/optical path control device 178,
reversely passes through the same path as the incident
light 181, being emitted from the prism 164 of the optical
coupling and dividing/optical path control device 178.

On the other hand, an incident light 182 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser 177 and then enters the prism 162 of the opti-
cal coupling and dividing/optical path control device
178, as shown in FIG.33B, is all transmitted through the
dielectric multilayer film 179, further being projected as
a P-polarized light onto the dielectric multilayer film 180
and all transmitted through it, then being emitted from
the prism 164. Also, an incident light 183 with 785 nm
wavelength, which is reflected by the disk 8 and then
enters the prism 164 of the optical coupling and divid-
ing/optical path control device 178, as shown in
FIG.33C, is projected as a S-polarized light onto the die-
lectric multilayer film 180 and is all reflected on it, then
being emitted from the prism 164.

An optical head device in the eighth preferred
embodiment will be explained in FIG.36. In the eighth
embodiment, the optical coupling and dividing/optical
path control device 178 used in the seventh embodi-
ment as shown in FIG.34 in replaced by an optical cou-
pling and dividing/optical path control device 184.

FIGS.37A to 37C show a composition of the optical
coupling and dividing/optical path control device 184.
As shown in FIGS.37A to 37C, the optical coupling and
dividing/optical path control device 184 is composed of
prisms 172, 173 and 174, which are adhered through
dielectric multilayer films 185, 186. The dielectric multi-
layer film 185 has a function that a light with 635 nm
wavelength is all reflected on and a light with 785 nm
wavelength is all transmitted through. The dielectric
multilayer film 186 has a function that a light with 635
nm wavelength is all transmitted through and, of an inci-
dent light with 785 nm wavelength, a P-polarization
component is all transmitted through and a S-polariza-
tion component is all reflected on.

An incident light 181 with 635 nm wavelength,
which is emitted from the semiconductor laser of the
module 99 and then enters the prism 174 of the optical
coupling and dividing/optical path control device 184, as
shown in FIG.37A, is all transmitted through the dielec-
tric multilayer film 186, being totally reflected two times
on boundary surfaces of the prism 173 and the air, then
being reflected by the dielectric multilayer film 185,
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again being all transmitted through the 186, being emit-
ted from the optical coupling and dividing/optical path
control device 184. Also, the light with 635 nm wave-
length, which is reflected by the disk 7 and then enters
the prism 174 of the optical coupling and dividing/optical
path control device 184, reversely passes through the
lame path a: the incident light 181, being emitted from
the prism 174 of the optical coupling and dividing/optical
path control device 184.

On the other hand, an incident light 182 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser 177 and then enters the prism 172 of the opti-
cal coupling and dividing/optical path control device
184, as shown in FIG.33B, is all transmitted through the
dielectric multilayer films 185 and the prism 173, being
projected as a P-polarized light onto the dielectric multi-
layer film 186 and all transmitted through it, then being
emitted from the prism 174 of the optical coupling and
dividing/optical path control device 184. Also, an inci-
dent light with 785 nm wavelength, which is reflected by
the disk 8 and then enters the prism 174 of the optical
coupling and dividing/optical path control device 184, as
shown in FIG.37C, is projected as a S-polarized light
onto the dielectric multilayer film 186 and is all reflected
on it, then being emitted from the prism 174.

In the seventh and eighth embodiments as shown
in FIGS.34 and 36, the distance from the semiconductor
laser 177 to the optical coupling and dividing/optical
path control device 178 or 184 is equal to the distance
from the module 99 to the optical coupling and divid-
ing/optical path control device 178 or 184. Here, by
using the optical coupling and dividing/optical path con-
trol device 178 as shown in FIGS.35A to 35C or the opti-
cal coupling and dividing/optical path control device 184
as shown in FIGS.37A to 37C, the effective optical path
length from the semiconductor laser 177 to the collima-
tor lens 4 as to the light with 785 nm wavelength can be
equal to the effective optical path length from the mod-
ule 99 to the collimator lens 4 as to the light with 785 nm
wavelength, and the effective optical path length from
the module 99 to the collimator lens 4 as to the light with
635 nm wavelength can be longer than these effective
optical path lengths.

FIGS.38A to 38C show another composition of opti-
cal coupling and dividing/optical path control device 161
used in the fifth embodiment as shown in FIG.30. As
shown in FIGS.38A to 38C, the optical coupling and
dividing/optical path control device 161 is composed of
prisms 9, 10 which are adhered through a hologram
187.

An incident light 168 with 635 nm wavelength,
which is emitted from the semiconductor laser 160 and
then enters the prism 9 of the optical coupling and divid-
ing/optical path control device 161, as shown in
FIG.38A, is projected as a P-polarization light onto the
hologram 187 and all transmitted through it, being emit-
ted from the optical coupling and dividing/optical path
control device 161. Also, an incident light 169 with 635
nm wavelength, which is reflected by the disk 7 and then
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enters the prism 10 of the optical coupling and divid-
ing/optical path control device 161, as shown in
FIG.38B, is projected as a S-polarization light onto the
hologram 187, thereby being reflected and diffracted as
a +1st-order diffraction light, being emitted from the
optical coupling and dividing/optical path control device
161.

On the other hand, an incident light 170 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism 10
of the optical coupling and dividing/optical path control
device 161, as shown in FIG.38C, is all reflected by the
hologram 187, being emitted from the prism 10. The
light with 785 nm wavelength, which is reflected by the
disk 8 and then enters the prism 10 of the optical cou-
pling and dividing/optical path control device 161,
reversely passing through the same path as the incident
light 170, being emitted from the prism 10.

FIGS.39A and 39B show compositions of the holo-
gram 187 shown in FIGS.38A to 38C. The hologram 187
is, as shown in FIG.39A, composed of a SiO2 film 188
as a hologram layer, a dielectric multilayer film 189
which are formed on the oblique plane of the prism 9, a
dielectric multilayer film 191 which is formed on the
oblique plane of the prism 10, and an adhesive 190
filled therebetween. On the other hand, as shown in
FIG.39B, the hologram 187 may be composed of a SiO2
film 192 as a hologram layer, a dielectric multilayer film
193 which are formed on the oblique plane of the prism
9, a dielectric multilayer film 195 which is formed on the
oblique plane of the prism 10, and an adhesive 194
filled therebetween.

The dielectric multilayer films 189 and 193 have a
function that, of a light with 635 nm wavelength, a P-
polarization component is all transmitted through and a
S-polarization component is all reflected on. On the
other hand, the dielectric multilayer films 191 and 195
have a function that a light with 635 nm wavelength is all
transmitted through and a light with 785 nm wavelength
is all reflected on. The adhesives 190, 194 and the SiO2
films 188, 192 have like refractive indexes. By the com-
bination of the SiO2 film 188 or 192, the dielectric muilti-
layer film 189 or 193 and the adhesive 190 or 194, of a
light with 635 nm wavelength, a P-polarization compo-
nent is all transmitted through and a S-polarization com-
ponent is all reflected and diffracted. The hologram 187
functions an concave surface mirror to a +1st-order dif-
fraction light.

In these compositions, an incident light 168 with
635 nm wavelength, which is emitted from the semicon-
ductor laser 160 and then enters the hologram 187, as
shown in FIGS.39A and 39B, is projected as a P-polari-
zation light onto the SiO2 film 188 or 192, dielectric mul-
tilayer film 189 or 193 and adhesive 190 or 194 and all
transmitted through them, then being transmitted
through the dielectric multilayer film 191 or 195, being
emitted from the hologram 187. An incident light 169,
which is reflected on the disk 7 and then enters the holo-
gram 187, is all transmitted through the dielectric muilti-
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layer film 191 or 195 and is then projected as a S-
polarization light onto the adhesive 190 or 194 and die-
lectric multilayer film 189 or 193, being reflected and dif-
fracted as a +1st-order diffraction light, again being all
transmitted through the dielectric multilayer film 191 or
195, being emitted from the hologram 187.

On the other hand, an incident light 170 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the holo-
gram 187, is all reflected on the dielectric multilayer film
191 or 195, then being emitted from the hologram 187.
The light with 785 nm wavelength, which is reflected on
the disk 8 and enters hologram 187, reversely passes
through the same path as the incident light 170, being
emitted from the hologram 187.

As shown in FIG.39A, when the SiO2 film 188 has
a rectangular section form, a diffraction efficiency to a
+1st-order diffraction light is 40.5 % at maximum. On
the other hand, as shown in FIG.39B, when the SiO2
film 192 has a step-like section form, a diffraction effi-
ciency to a +1st-order diffraction light is increased, i.e.,
81 % at maximum in a four level step form and 95% at
maximum in an eight level step form.

In the composition of the fifth embodiment as
shown in FIG.30, the distance from the module 100 to
the optical coupling and dividing/optical path control
device 161 is shorter than the distance from the semi-
conductor laser 160 to the optical coupling and divid-
ing/optical path control device 161. Here, by using the
optical coupling and dividing/optical path control device
161 as shown in FIGS.38A to 38C, a focused point to
the light with 635 nm wavelength reflected on the disk 7
becomes closer to the optical coupling and dividing/opti-
cal path control device 161 than that to the light with 785
nm wavelength reflected on the disk 8. Therefore, the
effective optical path length from the semiconductor
laser 160 to the collimator lens 4 as to the light with 635
nm wavelength can be equal to the effective optical path
length from the module 100 to the collimator lens 4 as to
the light with 635 nm wavelength, and the effective opti-
cal path length from the module 100 to the collimator
lens 4 as to the light with 785 nm wavelength can be
shorter than these effective optical path lengths.

FIGS.40A to 40C show another composition of the
optical coupling and dividing/optical path control device
178 used in the seventh embodiment as shown in
FI1G.34. This optical coupling and dividing/optical path
control device 178 is, as shown in FIGS.40A to 40C,
composed of prisms 9, 10 which are adhered through a
hologram 196.

An incident light 181 with 635 nm wavelength,
which is emitted from the semiconductor laser of the
module 99 and then enters the prism 10 of the optical
coupling and dividing/optical path control device 178, as
shown in FIG.40A, is reflected and diffracted as a +1st-
order diffraction light by the hologram 196, being emit-
ted from the prism 10. The light with 635 nm wave-
length, which is reelected on the disk 7 and enters the
prism 10 of the optical coupling and dividing/optical path
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control device 178, reversely passes through the same
path as the incident light, being emitted from the prism
10.

On the other hand, an incident light with 785 nm
wavelength, which is emitted from the semiconductor
laser 177 and then enters prism 9 of the optical coupling
and dividing/optical path control device 178, as shown
in FIG.40B, is projected as a P-polarization light onto
the hologram 196 and all transmitted through it, then
being transmitted through the prism 10, being emitted
from the hologram 187. An incident light 183, which is
reflected on the disk 8 and then enters the prism 10 of
the optical coupling and dividing/optical path control
device 178, as shown in FIG.40C, is projected as a S-
polarization light onto the hologram 196 and is all
reflected on it, being emitted from the prism 10.

FIGS.41A and 41B show compositions of the holo-
gram 196 shown in FIGS.40A to 40C. The hologram 196
is, as shown in FIG.41A, composed of a SiO2 film 197
as a hologram layer, a dielectric multilayer film 198
which are formed on the oblique plane of the prism 9, a
dielectric multilayer film 200 which is formed on the
oblique plane of the prism 10, and an adhesive 199
filled therebetween. On the other hand, as shown in
FIG.41B, the hologram 196 may be composed of a SiO2
film 201 as a hologram layer, a dielectric multilayer film
202 which are formed on the oblique plane of the prism
9, a dielectric multilayer film 204 which is formed on the
oblique plane of the prism 10, and an adhesive 203
filled therebetween.

The dielectric multilayer films 198 and 202 have a
function that a light with 635 nm wavelength is all
reflected on and a light with 785 nm wavelength is all
transmitted through. On the other hand, the dielectric
multilayer films 200 and 204 have a function that a light
with 635 nm wavelength is all transmitted through and,
of a light with 785 nm wavelength, a P-polarization com-
ponent is all transmitted through and a S-polarization
component is all reflected on. The adhesives 199, 203
and the SiO2 films 197, 201 have like refractive indexes.
By the combination of the SiO2 film 197 or 201, the die-
lectric multilayer film 198 or 202 and the adhesive 199
or 203, a light with 635 nm wavelength is all reflected
and diffracted on and a light with 785 nm wavelength is
all transmitted through. The hologram 196 functions an
concave surface mirror to a +1st-order diffraction light.

In these compositions, an incident light 181 with
635 nm wavelength, which is emitted from the semicon-
ductor laser of the module 99 and then enters the holo-
gram 196, as shown in FIGS.41A and 41B, is all
transmitted through the dielectric multilayer film 200 or
204, being reflected and diffracted as a +1st-order dif-
fraction light by the adhesive 199 or 203 and dielectric
multilayer film 198 or 202, again being all transmitted
through the dielectric multilayer film 200 or 204, being
emitted from the hologram 196. The light with 635 nm
wavelength, which is reflected on the disk 7 and then
enters the hologram 196, reversely passes through the
same path as the incident light 181, being emitted from
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the hologram 196.

On the other hand, an incident light 182 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser 177 and then enters the hologram 196, as
shown in FIGS.41A and 41B, is all transmitted through
the SiO2 film 197 or 201, the dielectric multilayer film
198 or 202 and the adhesive 199 or 203, then being pro-
jected as a P-polarization light onto the dielectric multi-
layer film 200 or 204 and all transmitted through it, then
being emitted from the hologram 196. An incident light
183 with 785 nm wavelength, which is reflected on the
disk 8 and enters the hologram 196, is projected as a S-
polarization light onto the dielectric multilayer film 200 or
204 and all reflected on it, then being emitted from the
hologram 196.

As shown in FIG.41A, when the SiO2 film 197 has
a rectangular section form, a diffraction efficiency to a
+1st-order diffraction light is 40.5 % at maximum. On
the other hand, as shown in FIG.41B, when the SiO2
film 201 has a step-like section form, a diffraction effi-
ciency to a +1st-order diffraction light is increased, i.e.,
81 % at maximum in a four level step form and 95% at
maximum in an eight level stop form.

In the composition of the seventh embodiment as
shown in FIG.34, the distance from the semiconductor
laser 177 to the optical coupling and dividing/optical
path control device 178 is equal to the distance from the
semiconductor laser of the module 99 to the optical cou-
pling and dividing/optical path control device 178. Here,
by using the optical coupling and dividing/optical path
control device 178 as shown in FIGS.40A to 40C, a
focused point to the light with 635 nm wavelength
reflected on the disk 7 becomes closer to the optical
coupling and dividing/optical path control device 178
than that to the light with 785 nm wavelength reflected
on the disk 8. Therefore, the effective optical path length
from the semiconductor laser 177 to the collimator lens
4 as to the light with 785 nm wavelength can be equal to
the effective optical path length from the module 99 to
the collimator lens 4 as to the light with 785 nm wave-
length, and the effective optical path length from the
module 99 to the collimator lens 4 as to the light with
635 nm wavelength can be longer than these effective
optical path lengths.

Though, in the respective embodiments as shown
in FIGS.5, 23, 30, 32, the lens system composed of the
collimator lens 4 and objective lens 6 is used, a lens
system composed of only an objective lens may be
used therein. Also, though, in the respective embodi-
ments as shown in FIGS. 7, 27, 34, 36, the lens system
composed of the collimator lens 4 and objective lens 6
is used, a lens system composed of only an objective
lens may be used therein.

An optical head device in the ninth preferred
embodiment will be explained in FIG. 42. A module 100
includes a semiconductor laser and an optical detector
which receives light reflected on a disk. A semiconduc-
tor laser 160 emits light with 635 nm wavelength, and
the semiconductor laser of the module 100 emits light
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with 785 nm wavelength.

Light emitted from the semiconductor laser 160 is
transmitted through a collimator lens 205, an optical
coupling and dividing device 206, a polarization holo-
gram optical device 102, a 1/4 wavelength plate 103 and
an aperture control device 5, entering an objective lens
6 as a collimated light, then being focused on a disk 7
such as a digital video disk with a substrate thickness of
0.6 mm. Light reflected on the disk 7 is reversely trans-
mitted through the objective lens 6, aperture control
device 5 and 1/4 wavelength plate 103, being diffracted
as a * diffraction light by the polarization hologram opti-
cal device 102, then being reflected by the optical cou-
pling and dividing device 2086, being transmitted through
a collimator lens 4, being reflected by an optical path
control device 207, being received by the optical detec-
tor of the module 100.

On the other hand, light emitted from the semicon-
ductor laser of the module 100 is transmitted through
the collimator lens 4, then being reflected by the optical
coupling and dividing device 206, being transmitted
through the polarization hologram optical device 102,
1/4 wavelength plate 103 and aperture control device 5,
entering the objective lens 6 as a divergent light, then
being focused on a disk 8 such as a compact disk with
a substrate thickness of 1.2 mm. Light reflected on the
disk 8 is reversely transmitted through the objective lens
6, aperture control device 5 and 1/4 wavelength plate
103, being diffracted as a * diffraction light by the polar-
ization hologram optical device 102, then reversely
passing through the optical coupling and dividing device
206, collimator lens 4 and optical path control device
207, being received by the optical detector of the mod-
ule 100.

The polarization hologram optical device 102, 1/4
wavelength plate 103 and aperture control device 5 can
be integrally driven with the objective lens 6 in the direc-
tions of focusing and tracking by an actuator(not
shown).

The aperture control device 5 has the same compo-
sition as shown in FIGS.16A, 16B or FIGS.17A, 17B.
The polarization hologram optical device 102 and 1/4
wavelength plate 103 function as those in the third
embodiment as shown in FIG.23.

FIGS.43A to 43C show a composition of the optical
coupling and dividing device 206 used in the ninth
embodiment as shown in FIG.42. AS shown in
FIGS.43A to 43C, the optical coupling and dividing
device 206 is composed of a prism 9 and a prism 10
which are adhered through a dielectric multilayer film
208. The dielectric multilayer film 208 has a function
that, of a light with 635 nm wavelength, a P-polarization
component is all transmitted through and a S-polariza-
tion component is all reflected on and a light with 785
nm wavelength is all reflected on.

Therefore, as shown in FIG.43A, an incident light
209 with 635 nm wavelength, which is emitted from the
semiconductor laser 160 and then enters the prism 9 of
the optical coupling and dividing device 206, is pro-
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jected as a P-polarization light onto the dielectric muilti-
layer film 208 and all transmitted through it, being
emitted from the prism 10. An incident light 210 with 635
nm wavelength, which is reflected on the disk 7 and
then enters prism 10 of the optical coupling and dividing
device 206, as shown in FIG.43B, is projected as a S-
polarization light onto the dielectric multilayer film 208
and all reflected on it, being emitted from the prism 10.

On the other hand, an incident light 211 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism 10
of the optical coupling and dividing device 206, as
shown in FIG.43C, is all reflected by the dielectric multi-
layer film 208, then being emitted from the prism 10.
The light with 785 nm wavelength, which is reflected on
the disk 8 and then enters prism 10 of the optical cou-
pling and dividing device 2086, reversely passes through
the same path as the incident light 211, being emitted
from the prism 10.

FIGS.44A and 44B show a composition of the opti-
cal path control device 207 used in the ninth embodi-
ment as shown in FIG.42. As shown in FIGS.44A and
44B, the optical path control device 207 is composed of
prisms 212, 213 which are adhered through a dielectric
multilayer film 214. The dielectric multilayer film 214 is a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on.

An incident light 217 with 635 nm wavelength,
which is reflected on the disk 7 and then enters the
prism 212 of the optical path control device 207, as
shown in FIG.44A, is all transmitted through the dielec-
tric multilayer film 214, then being all reflected on a
reflection film 215 and an reflection film 216, again
being all transmitted through the dielectric multilayer
film 214, being emitted from the prism 212.

On the other hand, an incident light 218 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism
212 of the optical path control device 207, as shown in
FIG.44B, is all reflected on the dielectric multilayer film
214, being emitted from the prism 212. The light with
785 nm wavelength, which is reflected on the disk 8 and
then enters the prism 212 of the optical path control
device 207, reversely passes through the same path as
the incident light 218, being emitted from the prism 212.

An optical head device in the tenth preferred
embodiment will be explained in FIG.45. In the tenth
embodiment, the optical path control device 207 in the
ninth embodiment as shown in FIG.42 is replaced by an
optical path control device 219.

FIGS.46A and 46B show a composition of the opti-
cal path control device 219 used in the tenth embodi-
ment as shown in FIG.45. As shown in FIGS.46A and
46B, the optical path control device 219 is composed of
prisms 220, 221 which are adhered through a dielectric
multilayer film 222. The dielectric multilayer film 222 is a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
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reflected on.

An incident light 217 with 635 nm wavelength,
which is reflected on the disk 7 and then enters the
prism 220 of the optical path control device 219, is all
transmitted through the dielectric multilayer film 222,
then being totally reflected three times on boundary sur-
faces of the prism 221 and the air, again being all trans-
mitted through the dielectric multilayer film 222, being
emitted from the prism 220.

On the other hand, an incident light 218 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the prism
220 of the optical path control device 219, is all reflected
on the dielectric multilayer film 222, being emitted from
the prism 220. The light with 785 nm wavelength, which
is reflected on the disk 8 and then enters the prism 220
of the optical path control device 219, reversely passes
through the same path as the incident light 218, being
emitted from the prism 220.

In the ninth and tenth embodiments as shown in
FIGS.42 and 45, the distance from the semiconductor
laser 160 to the collimator lens 205 is equal to the focal
distance of the collimator lens 205, and the distance
from the module 100 to the collimator lens 4 is shorter
than the focal distance of the collimator lens 4. In this
composition, by using the optical path control device
207 as shown in FIGS.44A and 44B or the optical path
control device 219 as shown in FIGS.46A and 46B, the
effective optical path length from the module 100 to the
collimator lens 4 as to 635 nm wavelength light can be
equal to the focal distance of the collimator 4, and the
effective optical path length from the module 100 to the
collimator lens 4 as to 785 nm wavelength light can be
shorter than the focal distance.

Though, in the ninth and tenth embodiments as
shown in FIGS.42 and 45, the optical coupling and
dividing device 206 uses the dielectric multilayer film
208 in which, of the light with 635 nm wavelength, the P-
polarization component is all transmitted through and
the S-polarization component is all reflected on and the
light with 785 nm wavelength is all reflected on, the opti-
cal coupling and dividing device 206 may use another
dielectric multilayer film in which, of the light with 635
nm wavelength, the P-polarization component is all
transmitted through and the S-polarization component
is all reflected on and the light with 785 nm wavelength
is all transmitted through. In this case, the positions of
the block which is composed of the semiconductor laser
160 and collimator lens 205 and the block which is com-
posed of the module 100, optical path control device
207 or 219 and collimator lens 4 need to be exchanged
with each other, and the light with 635 nm wavelength
emitted from the semiconductor laser 160 needs to be
projected as a S-polarization light onto the dielectric
multilayer film of the optical coupling and dividing
device.

An optical head device in the eleventh preferred
embodiment will be explained in FIG.47. A module 99
includes a semiconductor laser and an optical detector
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which receives light reflected on a disk. The semicon-
ductor laser of the module 99 emits light with 635 nm
wavelength, and a semiconductor laser 177 emits light
with 785 nm wavelength.

Light emitted from the semiconductor laser of the
module 99 is reflected by an optical path control device
207, being transmitted through a collimator lens 4,
being reflected by an optical coupling and dividing
device 223, being transmitted through a polarization
hologram optical device 105, a 1/4 wavelength plate 106
and an aperture control device 5, entering an objective
lens 15 as a convergent light, then being focused on a
disk 7 such as a digital video disk with a substrate thick-
ness of 0.6 mm. Light reflected on the disk 7 is reversely
transmitted through the objective lens 15, aperture con-
trol device 5 and 1/4 wavelength plate 106, being dif-
fracted as a * diffraction light by the polarization
hologram optical device 105, reversely passing through
the optical coupling and dividing device 223, collimator
lens 4 and optical path control device 207, being
received by the optical detector of the module 99.

On the other hand, light emitted from the semicon-
ductor laser 177 is transmitted through the collimator
lens 205, optical coupling and dividing device 223,
polarization hologram optical device 105, 1/4 wave-
length plate 106 and aperture control device 5, entering
the objective lens 15 as a collimated light, then being
focused on a disk 8 such as a compact disk with a sub-
strate thickness of 1.2 mm. Light reflected on the disk 8
is reversely transmitted through the objective lens 15,
aperture control device 5 and 1/4 wavelength plate 106,
being diffracted as a * diffraction light by the polariza-
tion hologram optical device 105, then being reflected
by the optical coupling and dividing device 223, being
transmitted through the collimator lens 4, being
reflected by the optical path control device 207, being
received by the optical detector of the module 99.

The polarization hologram optical device 105, 1/4
wavelength plate 106 and aperture control device 5 can
be integrally driven with the objective lens 15 in the
directions of focusing and tracking by an actuator(not
shown).

The aperture control device 5 has the same compo-
sition as shown in FIGS.16A, 16B or FIGS.17A, 17B.
The polarization hologram optical device 105 and 1/4
wavelength plate 106 function as those in the fourth
embodiment as shown in FIG.24.

FIGS.48A to 48C show a composition of the optical
coupling and dividing device 223 used in the eleventh
embodiment as shown in FIG. 47. As shown in
FIGS.48A to 48C, the optical coupling and dividing
device 223 is composed of a prism 9 and a prism 10
which are adhered through a dielectric multilayer film
224. The dielectric multilayer film 224 has a function
that a light with 635 nm wavelength is all reflected on
and, of a light with 785 nm wavelength, a P-polarization
component is all transmitted through and a S-polariza-
tion component is all reflected on

Therefore, as shown in FIG.48A, an incident light
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225 with 635 nm wavelength, which is emitted from the
semiconductor laser of the module 99 and then enters
the prism 10 of the optical coupling and dividing device
223, is all reflected on the dielectric multilayer film 224,
being emitted from the prism 10. The light with 635 nm
wavelength, which is reflected on the disk 7 and then
enters prism 10 of the optical coupling and dividing
device 223, reversely passes through the same path as
the incident light 225, being emitted from the prism 10.

On the other hand, an incident light 226 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser 177 and then enters the prism 9 of the optical
coupling and dividing device 223, as shown in FIG.48B,
is projected as a P-polarization light onto the dielectric
multilayer film 224 and all transmitted through it, being
emitted from the prism 10. An incident light 227 with 785
nm wavelength, which is reflected on the disk 8 and
then enters prism 10 of the optical coupling and dividing
device 223, as shown in FIG.48C, is projected as a S-
polarization light onto the dielectric multilayer film 224
and all reflected on it, being emitted from the prism 10.

An optical head device in the twelfth preferred
embodiment will be explained in FIG.49. In the twelfth
embodiment, the optical path control device 207 in the
eleventh embodiment as shown in FIG.47 is replaced by
an optical path control device 219. Herein, the optical
path control device 207 used in the eleventh embodi-
ment as shown in FIG.47 has the same composition as
the optical path control device 207 as shown in
FIGS.44A and 44B, and the optical path control device
219 used in the twelfth embodiment has the same com-
position as the optical path control device 219 as shown
in FIGS. 46A and 46B.

In the eleventh and twelfth embodiments as shown
in FIGS.47 and 49, the distance from the semiconductor
laser 177 to the collimator lens 205 is equal to the focal
distance of the collimator lens 205, and the distance
from the module 99 to the collimator lens 4 is equal to
the focal distance of the collimator lens 4. In this compo-
sition, by using the optical path control device 207 as
shown in FIGS.44A and 44B or the optical path control
device 219 as shown in FIGS.46A and 46B, the effective
optical path length from the module 99 to the collimator
lens 4 as to 785 nm wavelength light can be equal to the
focal distance of the collimator 4, and the effective opti-
cal path length from the module 99 to the collimator lens
4 as to 635 nm wavelength light can be longer than the
focal distance.

Though, in the eleventh and twelfth embodiments
as shown in FIGS.47 and 49, the optical coupling and
dividing device 223 uses the dielectric multilayer film
224 in which the light with 635 nm wavelength is all
reflected on and, of the light with 785 nm wavelength,
the P-polarization component is all transmitted through
and the S-polarization component is all reflected on, the
optical coupling and dividing device 223 may use
another dielectric multilayer film in which the light with
635 nm wavelength is all transmitted through and, of the
light with 785 nm wavelength, the P-polarization compo-
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nent is all transmitted through and the S-polarization
component is all reflected on. In this case, the positions
of the block which is composed of the semiconductor
laser 177 and collimator lens 205 and the block which is
composed of the module 99, optical path control device
207 or 219 and collimator lens 4 need to be exchanged
with each other, and the light with 785 nm wavelength
emitted from the semiconductor laser 177 needs to be
projected as a S-polarization light onto the dielectric
multilayer film of the optical coupling and dividing
device.

FIGS.50A and 50B show another composition of
the optical path control device 207 used in the ninth
embodiment as shown in FIG.42. This optical path con-
trol device 207 is, as shown in FIGS.50A and 50B, com-
posed of a prism 9 and a hologram 228 which is on the
oblique plane of the prism 9. As shown in FIG.50A, an
incident light 217 with 635 nm wavelength, which is
reflected on the disk 7 and then enters the prism 9 of the
optical path control device 207, is reflected and dif-
fracted as a +1st-order diffraction light by the hologram
228, being emitted from the prism 9. On the other hand,
as shown in FIG.50B, an incident light 218 with 785 nm
wavelength, which is emitted from the semiconductor
laser of the module 100 and then enters the prism 9 of
the optical path control device 207, is all reflected by the
hologram 228, being emitted from the prism 9. The light
with 785 nm wavelength, which is reflected on the disk
8 and then enters the prism 9 of the optical path control
device 207, reversely passes through the same way as
the incident light 218, being emitted through the prism
9.

FIGS.51A and 51B show compositions of the holo-
gram 228 in FIGS.50A and 50B. The hologram 228 is,
as shown in FIG.51A, composed of a dielectric muilti-
layer film 229 and a SiO2 film 230 as a hologram layer
which are formed on the oblique plane of the prism 9.
On the other hand, the hologram 228 may be, as shown
in FIG.51B, composed of a dielectric multilayer film 231
and a SiO2 fiim 232 as a hologram layer which are
formed on the oblique plane of the prism 9. The holo-
gram 228 in FIG.51B is different from that in FIG.51Ain
the cross-sectional form of the SiO2 film 232.

The dielectric multilayer films 229 and 231 have a
function that a light with 635 nm wavelength is all trans-
mitted through and a light with 785 nm wavelength is all
reflected on. The hologram 228 functions as a concave
surface mirror to a +1st-order diffraction light.

In these compositions, an incident light 217 with
635 nm wavelength, which is reflected on the disk 7 and
then enters the hologram 228, as shown in FIGS.51A
and 51B, is all transmitted through the dielectric muilti-
layer film 229 or 231, being reflected and diffracted as a
+1st-order diffraction light by the SiO2 film 230 or 232,
again being all transmitted through the dielectric multi-
layer film 229 or 231, being emitted from the hologram
228. On the other hand, an incident light 218 with 785
nm wavelength, which is emitted from the semiconduc-
tor laser of the module 100 and then enters the holo-
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gram 228, as shown in FIGS.51A and 51B, is all
reflected by the dielectric multilayer film 229 or 231,
being emitted from the hologram 228. The light with 785
nm wavelength, which is reflected on the disk 8 and
enters the hologram 228, reversely passes through the
same path as the incident light 218, being emitted from
the hologram 228.

As shown in FIG.51A, when the SiO2 film 230 has
a rectangular section form, a diffraction efficiency to a
+1st-order diffraction light is 40.5 % at maximum. On
the other hand, as shown in FIG.51B, when the SiO2
film 232 has a step-like section form, a diffraction effi-
ciency to a +1st-order diffraction light is increased, i.e.,
81 % at maximum in a four level step form and 95% at
maximum in an eight level step form.

In the composition of the ninth embodiment as
shown in FIG.42, the distance from the semiconductor
laser 160 to the collimator lens 205 is equal to the focal
distance of the collimator lens 205, and the distance
from the module 100 to the collimator lens 4 is shorter
than the focal distance of the collimator lens 4. Here, by
using the optical path control device 207 as shown in
FIGS.50A an 50B, a focused point to the light with 635
nm wavelength reflected on the disk 7 becomes closer
to the optical path control device 207 than that to the
light with 785 nm wavelength reElected on the disk 8.
Therefore, the effective optical path length from the
module 100 to the collimator lens 4 as to the light with
635 nm wavelength can be equal to the focal distance of
the collimator lens 4, and the effective optical path
length from the module 100 to the collimator lens 4 as to
the light with 785 nm wavelength can be shorter than
the focal distance.

The optical path control device shown in FIGS.50A
and 50B can be used in the eleventh embodiment as
shown in FIG.47. In the composition of the eleventh
embodiment as shown in FIG.47, the distance from the
semiconductor laser 177 to the collimator lens 205 is
equal to the focal distance of the collimator lens 205,
and the distance from the module 99 to the collimator
lens 4 is equal to the focal distance of the collimator lens
4. Here, by using the optical path control device 207 as
shown in FIGS.50 A and 50B, a focused point to the
light with 635 nm wavelength reflected on the disk 7
becomes closer to the optical path control device 207
than that to the light with 785 nm wavelength reflected
on the disk 8. Therefore, the effective optical path length
from the module 99 to the collimator lens 4 as to the
light with 785 nm wavelength can be equal to the focal
distance of the collimator lens 4, and the effective opti-
cal path length from the module 99 to the collimator lens
4 as to the light with 635 nm wavelength can be longer
than the focal distance.

Patterns of interference fringe of the hologram 187
which is used in the optical coupling and dividing/optical
path control device 161 shown in FIGS.38A to 38C, the
hologram 196 which is used in the optical coupling and
dividing/optical path control device 178 shown in
FIGS.40A to 40C, and the hologram 228 which is used
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in the optical path control device 207 shown in
FIGS.50A and 50B are as shown in FIG.15.

The dielectric multilayer films 165 and 166 of the
optical coupling and dividing/optical path control device
161 shown in FIGS.31A to 31C, the dielectric multilayer
films 175 and 176 of the optical coupling and divid-
ing/optical path control device 171 shown in FIGS.33A
to 33C, the dielectric multilayer films 179 and 180 of the
optical coupling and dividing/optical path control device
178 shown in FIGS.35A to 35C, the dielectric multilayer
films 185 and 186 of the optical coupling and divid-
ing/optical path control device 184 shown in FIGS.37A
to 37C, the dielectric multilayer films 189, 191, 193 and
195 of the hologram 187 shown in FIGS.39A and 39B,
the dielectric multilayer films 198, 200, 202 and 204 of
the hologram 196 shown in FIGS.41A and 41B, the die-
lectric multilayer film 208 of the optical coupling and
dividing device 206 shown in FIGS.43A to 43C, the die-
lectric multilayer film 214 of the optical path control
device 207 shown in FIGS.44A and 44B, the dielectric
multilayer film 222 of the optical path control device 219
shown in FIGS.46A and 46B, the dielectric multilayer
film 224 of the optical coupling and dividing device 223
shown in FIGS.48A to 48C, and the dielectric multilayer
films 229 and 231 of the hologram 228 shown in
FIGS.51A and 51B can be made by forming an odd
number of layers in which a high refractive index layer
such as TiO2 and a low refractive index layer such as
SiO2 are alternately deposited.

Though, in the respective embodiments as shown
in FIGS.30, 32, 34, 36, 42, 45, 47 and 49, the two mod-
ules which include the semiconductor laser and optical
detector are used to miniaturize the size, two pairs of
blocks, in each pair of blocks a semiconductor laser and
an optical detector being separately included, may be
used.

An optical head device in the thirteenth preferred
embodiment will be explained in FIG.52. Both a module
1 and a module 2 include a semiconductor laser and an
optical detector which receives light reflected on a disk.
The semiconductor laser of the module 1 emits light
with 635 nm wavelength, and the semiconductor laser
of the module 2 emits light with 785 nm wavelength. An
optical coupling and dividing device 3 has the composi-
tion as shown in FIGS.6A and 6B, and an aperture con-
trol device 5 has the composition as shown in FIGS.16A
and 16B or FIGS.17A and 17B.

Light emitted from the semiconductor laser of the
module 1 is transmitted through a collimator lens 205,
an optical coupling and dividing device 3 and an aper-
ture control device 5, entering an objective lens 6 as a
collimated light, then being focused on a disk 7 such as
a digital video disk with a substrate thickness of 0.6 mm.
Light reflected on the disk 7 is reversely transmitted
through the objective lens 6, aperture control device 5,
optical coupling and dividing device 3 and collimator
lens 205, being received by the optical detector of the
module 1.

On the other hand, light emitted from the semicon-
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ductor of the module 2 is transmitted through a collima-
tor lens 233 and a concave lens 234, being reflected by
the optical coupling and dividing device 3, being trans-
mitted through the aperture control device 5, entering
the objective lens 6 as a divergent light, then being
focused on a disk 8 such as a compact disk with a sub-
strate thickness of 1.2 mm. Light reflected on the disk 8
reversely passes through the objective lens 6, aperture
control device 5, optical coupling and dividing device 3,
concave lens 234 and collimator lens 233, being
received by the optical detector of the module 2. The
aperture control device 5 can be integrally driven with
the objective lens 6 in the directions of focusing and
tracking by an actuator(not shown).

Though, in the thirteenth embodiment as shown in
FIG.52, the optical coupling and dividing device 3 uses
the dielectric multilayer film 11 as shown in FIGS.6A
and 6B in which the light with 635 nm wavelength is all
transmitted through and the light with 785 nm wave-
length is all reflected on, the optical coupling and divid-
ing device 3 may use another dielectric multilayer film in
which the light with 635 nm wavelength is all reflected
on and the light with 785 nm wavelength is all fransmit-
ted through. In this case, the positions of the module 1
and module 2 as shown in FIG.52 need to be
exchanged with each other.

Though, in the thirteenth embodiment as shown in
FIG.52, the concave lens 234 is used to make the light
emitted from the semiconductor laser of the module 2
enter the objective lens 6 as a divergent light, alterna-
tively, the emitted light may be focused by using a con-
vex lens, thereafter being diffused.

An optical head device in the fourteenth preferred
embodiment will be explained in FIG.53. Both a module
1 and a module 2 include a semiconductor laser and an
optical detector which receives light reflected on a disk.
The semiconductor laser of the module 1 emits light
with 635 nm wavelength, and the semiconductor laser
of the module 2 emits light with 785 nm wavelength. An
optical coupling and dividing device 14 has the compo-
sition as shown in FIGS.8A and 8B, and an aperture
control device 5 has the composition as shown in
FIGS.16A and 16B or FIGS.17A and 17B. The four-
teenth embodiment is characterized in that a convex
lens 236 is used to make the light emitted from the sem-
iconductor laser of the module 1 enter an objective lens
15 as a convergent light.

As shown in FIG.53, the light emitted from the sem-
iconductor laser of the module 1 is transmitted through
a collimator lens 235 and a convex lens 236, then being
reflected by the optical coupling and dividing device 14,
being transmitted through the aperture control device 5,
entering the objective lens 15 as a convergent light,
then being focused on a disk 7 such as a digital video
disk with a substrate thickness of 0.6 mm. Light
reflected on the disk 7 reversely passes through the
objective lens 15, aperture control device 5, optical cou-
pling and dividing device 14, convex lens 236 and colli-
mator lens 235, being received by the optical detector of
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the module 1.

On the other hand, light emitted from the semicon-
ductor of the module 2 is transmitted through a collima-
tor lens 205, the optical coupling and dividing device 14
and aperture control device 5, entering the objective
lens 15 as a collimated light, then being focused on a
disk 8 such as a compact disk with a substrate thick-
ness of 1.2 mm. Light reflected on the disk 8 reversely
passes through the objective lens 15, aperture control
device 5, optical coupling and dividing device 14 and
collimator lens 205, being received by the optical detec-
tor of the module 2. The aperture control device 5 can
be integrally driven with the objective lens 15 in the
directions of focusing and tracking by an actuator(not
shown).

Though, in the fourteenth embodiment as shown in
FI1G.53, the optical coupling and dividing device 14 uses
the dielectric multilayer fiim 16 as shown in FIGS.8A
and 8B in which the light with 635 nm wavelength is all
reflected on and the light with 785 nm wavelength is all
transmitted through, the optical coupling and dividing
device 14 may use another dielectric multilayer film in
which the light with 635 nm wavelength is all fransmitted
through and the light with 785 nm wavelength is all
reflected on. In this case, the positions of the module 1
and module 2 as shown in FIG.53 need to be
exchanged with each other.

Though, in the thirteenth and fourteenth embodi-
ments as shown in FIGS.52 and 53, the two modules
which include the semiconductor laser and optical
detector are used to miniaturize the size, two pairs of
blocks, in each pair of blocks a semiconductor laser and
an optical detector being separately included, may be
used.

Although the invention has been described with
respect to specific embodiment for complete and clear
disclosure, the appended claims are not to be thus lim-
ited but are to be construed as embodying all modifica-
tion and alternative constructions that may be occurred
to one skilled in the art which fairly fall within the basic
teaching here is set forth.

Claims
1. An optical head device, comprising:

a first light source which emits a light with a first
wavelength;

a second light source which emits a light with a
second wavelength;

first and second optical detectors;

an optical coupling and dividing means in
which said light emitted from said first light
source and said light emitted from said second
light source are coupled and are then led to an
optical recording medium with a first or second
substrate thickness, and in which said light
emitted from said first light source and reflected
on said optical recording medium is led to said
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first optical detector and said light emitted from
said second light source and reflected on said
optical recording medium is led to said second
optical detector; and
a lens system which is disposed between said
optical coupling and dividing means and said
optical recording medium and includes an
objective lens;

wherein said second substrate thick-
ness is set to be greater than said first sub-
strate thickness and an effective optical path
length from said second light source to said
lens system is set to be shorter than an effec-
tive optical path length from said first light
source to said lens system, and

wherein the recording or reproducing of
said optical recording medium with said first
substrate thickness is conducted by using said
light emitted from said first light source, and the
recording or reproducing of said optical record-
ing medium with said second substrate thick-
ness is conducted by using said light emitted
from said second light source.

2. An optical head device, comprising:

a first light source which emits a light with a first
wavelength;
a second light source which emits a light with a
second wavelength;
an optical detector;
an optical coupling and dividing means in
which said light emitted from said first light
source and said light emitted from said second
light source are coupled and are then led to an
optical recording medium with a first or second
substrate thickness, and in which said light
emitted from said first light source and reflected
on said optical recording medium and said light
emitted from said second light source and
reflected on said optical recording medium are
led to said optical detector; and
a lens system which is disposed between said
optical coupling and dividing means and said
optical recording medium and includes an
objective lens;

wherein said second substrate thick-
ness is set to be greater than said first sub-
strate thickness and an effective optical path
length from said second light source to said
lens system is set to be shorter than an effec-
tive optical path length from said first light
source to said lens system, and

wherein the recording or reproducing of
said optical recording medium with said first
substrate thickness is conducted by using said
light emitted from said first light source, and the
recording or reproducing of said optical record-
ing medium with said second substrate thick-
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ness is conducted by using said light emitted
from said second light source.

3. An optical head device, comprising:

a first light source which emits a light with a first
wavelength;
a second light source which emits a light with a
second wavelength;
an optical detector;
an optical coupling and dividing means in
which said light emitted from said first light
source and said light emitted from said second
light source are coupled and are then led to an
optical recording medium with a first or second
substrate thickness, and in which said light
emitted from said first light source and reflected
on said optical recording medium and said light
emitted from said second light source and
reflected on said optical recording medium are
led to said optical detector;
an objective lens which is disposed between
said optical coupling and dividing means and
said optical recording medium;
a first collimator lens which is disposed
between said first light source and sated optical
coupling and dividing means; and
a second collimator lens which is disposed
between said second light source and said
optical coupling and dividing means;

wherein said second substrate thick-
ness is set to be greater than said first sub-
strate thickness, and a difference between an
effective optical path length from said second
light source to said second collimator lens and
a focal distance of said second collimator lens
is set to be smaller than a difference between
an effective optical path length from said first
light source to said first collimator lens and a
focal distance of said first collimator lens, and

wherein the recording or reproducing of
said optical recording medium with said first
substrate thickness is conducted by using said
light emitted from said first light source, and the
recording or reproducing of said optical record-
ing medium with said second substrate thick-
ness is conducted by using said light emitted
from said second light source.

4. An optical head device, comprising:

a first light source which emits a light with a first
wavelength;

a second light source which emits a light with a
second wavelength;

first and second optical detectors;

an optical coupling and dividing means in
which said light emitted from said first light
source and said light emitted from said second
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light source are coupled and are then led to an
optical recording medium with a first or second
substrate thickness, and in which said light
emitted from said first light source and reflected
on said optical recording medium is led to said
first optical detector and said light emitted from
said second light source and reflected on said
optical recording medium is led to said second
optical detector;
an objective lens which is disposed between
said optical coupling and dividing means and
said optical recording medium;
a first collimator lens which is disposed
between said first light source and said optical
coupling and dividing means; and
a second collimator lens which is disposed
between said second light source and said
optical coupling and dividing means;

wherein a lens means by which said
light emitted from said second light source is
led to said objective lens as a divergent light or
by which said light emitted from said first light
source is led to said objective lens as a conver-
gent light is disposed between said first or sec-
ond collimator lens and said optical coupling
and dividing means, and

wherein the recording or reproducing of
said optical recording medium with said first
substrate thickness is conducted by using said
light emitted from said first light source, and the
recording or reproducing of said optical record-
ing medium with said second substrate thick-
ness which is greater than said first substrate
thickness is conducted by using said light emit-
ted from said second light source.

An optical head device, according to claim 1,
wherein:

said first wavelength is about 635 nm and said
second wavelength is about 785 nm.

An optical head device, according to claim 2,
wherein:

said first wavelength is about 635 nm and said
second wavelength is about 785 nm.

An optical head device, according to claim 3,
wherein:

said first wavelength is about 635 nm and said
second wavelength is about 785 nm.

An optical head device, according to claim 4,
wherein:

said first wavelength is about 635 nm and said
second wavelength is about 785 nm.
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9. An optical head device, according to claim 1,
wherein:

lens is integrally driven in the directions of
focusing and tracking by an actuator.

an aperture control device which allows an inci-
dent light to be all transmitted through as to 5
said first wavelength and allows only a central

15. An optical head device, according to claim 11,
wherein:

part in cross section of an incident light to be
transmitted through as to said second wave-
length is disposed between said optical cou-

said aperture control device and said objective
lens is integrally driven in the directions of
focusing and tracking by an actuator.

pling and dividing means and said objective 70

lens. 16. An optical head device, according to claim 12,
wherein:

10. An optical head device, according to claim 2,
wherein:

an aperture control device which allows an inci-
dent light to be all transmitted through as to
said first wavelength and allows only a central
part in cross section of an incident light to be

15

said aperture control device and said objective
lens is integrally driven in the directions of
focusing and tracking by an actuator.

17. An optical head device, according to claim 9,
wherein:

transmitted through as to said second wave- 20
length is disposed between said optical cou- said aperture control device comprises a die-
pling and dividing means and said objective lectric multilayer film which is formed on the
lens. outside of a circular region of a substrate that
has a diameter smaller than an effective diam-
11. An optical head device, according to claim 3, 25 eter of said objective lens, and a phase com-
wherein: pensating film which is formed on the inside of
said circular region, wherein said dielectric
an aperture control device which allows an inci- multilayer film allows said light with said first
dent light to be all transmitted through as to wavelength to be all transmitted through and
said first wavelength and allows only a central 30 allows said light with said second wavelength
part in cross section of an incident light to be to be all reflected on, and said phase compen-
transmitted through as to said second wave- sating film adjusts a phase difference between
length is disposed between said optical cou- a light transmitting through the outside of said
pling and dividing means and said objective circular region and a light transmitting through
lens. 35 the inside of said circular region to be zero or
so as to said first wavelength.
12. An optical head device, according to claim 4,
wherein: 18. An optical head device, according to claim 10,
wherein:
an aperture control device which allows an inci- 40
dent light to be all transmitted through as to said aperture control device comprises a die-
said first wavelength and allows only a central lectric multi layer film which is formed on the
part in cross section of an incident light to be outside of a circular region of a substrate that
transmitted through as to said second wave- has a diameter smaller than an effective diam-
length is disposed between said optical cou- 45 eter of said objective lens, and a phase com-
pling and dividing means and said objective pensating film which is formed on the inside of
lens. said circular region, wherein said dielectric
multi layer film allows said light with said first
13. An optical head device, according to claim 9, wavelength to be all transmitted through and
wherein: 50 allows said light with said second wavelength
to be all reflected on, and said phase compen-
said aperture control device and said objective sating film adjusts a phase difference between
lens is integrally driven in the directions of a light transmitting through the outside of said
focusing and tracking by an actuator. circular region and a light transmitting through
55 the inside of said circular region to be zero or

14. An optical head device, according to claim 10,
wherein:

so as to said first wavelength.

19. An optical head device, according to claim 11,

said aperture control device and said objective wherein:

28
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said aperture control device comprises a die-
lectric multilayer film which is formed on the
outside of a circular region of a substrate that
has a diameter smaller than an effective diam-
eter of said objective lens, and a phase com-
pensating film which is formed on the inside of
said circular region, wherein said dielectric
multilayer film allows said light with said first
wavelength to be all transmitted through and
allows said light with said second wavelength
to be all reflected on, and said phase compen-
sating film adjusts a phase difference between
a light transmitting through the outside of said
circular region and a light transmitting through
the inside of said circular region to be zero or
s0 as to said first wavelength.

20. An optical head device, according to claim 12,
wherein:

said aperture control device comprises a die-
lectric multilayer film which is farmed on the
outside of a circular region of a substrate that
has a diameter smaller than an effective diam-
eter of said objective lens, and a phase com-
pensating film which is formed on the inside of
said circular region, wherein said dielectric
multilayer film allows said light with said first
wavelength to be all transmitted through and
allows said light with said second wavelength
to be all reflected on, and said phase compen-
sating film adjusts a phase difference between
a light transmitting through the outside of said
circular region and a light transmitting through
the inside of said circular region to be zero or
so as to said first wavelength.

21. An optical head device, according to claim 9,
wherein:

said aperture control device comprises a first
substrate which includes a diffraction grating
layer and a dielectric multilayer film formed on
the outside of a circular region of said first sub-
strate that has a diameter smaller than an
effective diameter of said objective lens, and a
second substrate which includes a phase com-
pensating film formed above the inside of said
circular region, said first and second substrates
being adhered by an adhesive,

wherein said dielectric multilayer film
allows said light with said first wavelength to be
all transmitted through and allows said light
with said second wavelength to be all reflected
on, and said phase compensating film adjusts
a phase difference between a light transmitting
through the outside of said circular region and
a light transmitting through the inside of said
circular region to be zero or so as to said first
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wavelength.

22. An optical head device, according to claim 10,
wherein:

said aperture control device comprises a first
substrate which includes a diffraction grating
layer and a dielectric multilayer film formed on
the outside of a circular region of said first sub-
strate that has a diameter smaller than an
effective diameter of said objective lens, and a
second substrate which includes a phase com-
pensating film formed above the inside of said
circular region, said first and second substrates
being adhered by an adhesive,

wherein said dielectric multilayer film
allows said light with said first wavelength to be
all transmitted through and allows said light
with said second wavelength to be all reflected
on, and said phase compensating film adjusts
a phase difference between a light transmitting
through the outside of said circular region and
a light transmitting through the inside of said
circular region to be zero or so as to said first
wavelength.

23. An optical head device, according to claim 11,
wherein:

said aperture control device comprises a first
substrate which includes a diffraction grating
layer and a dielectric multilayer film formed on
the outside of a circular region of said first sub-
strate that has a diameter smaller than an
effective diameter of said objective lens, and a
second substrate which includes a phase com-
pensating film formed above the inside of said
circular region, said first and second substrates
being adhered by an adhesive,

wherein said dielectric multi layer film
allows said light with said first wavelength to be
all transmitted through and allows said light
with said second wavelength to be all reflected
on, and said phase compensating film adjusts
a phase difference between a light transmitting
through the outside of said circular region and
a light transmitting through the inside of said
circular region to be zero or so as to said first
wavelength.

24. An optical head device, according to claim 12,
wherein:

said aperture control device comprises a first
substrate which includes a diffraction grating
layer and a dielectric multilayer film formed an
the outside of a circular region of said first sub-
strate that has a diameter smaller than an
effective diameter of said objective lens, and a
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second substrate which includes a phase com-
pensating film formed above the inside of said
circular region, said first and second substrates
being adhered by an adhesive,

wherein said dielectric multilayer film
allows said light with said first wavelength to be
all transmitted through and allows said light
with said second wavelength to be all reflected
on, and said phase compensating film adjusts
a phase difference between a light transmitting
through the outside of said circular region and
a light transmitting through the inside of said
circular region to be zero or so as to said first
wavelength.

An optical head device, according to claim 1,
wherein:

said lens system comprises a collimator lens
and an objective lens.

An optical head device, according to claim 2,
wherein:

said lens system comprises a collimator lens
and an objective lens.

An optical head device, according to claim 1,
wherein:

said lens system consists of an objective lens.

An optical head device, according to claim 2,
wherein:

said lens system consists of an objective lens.

An optical head device, according to claim 1,
wherein:

said first light source and said first optical
detector are packaged in a first common pack-
age and said second light source and said sec-
ond optical detector are packaged in a second
common package.

An optical head device, according to claim 4,
wherein:

said first light source and said first optical
detector are packaged in a first common pack-
age and said second light source and said sec-
ond optical detector are packaged in a second
common package.

An optical head device, according to claim 2,
wherein:

one of said first and second light sources and
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said optical detector are packaged in a com-
mon package.

32. An optical head device, according to claim 3,

wherein:

one of said first and second light sources and
said optical detector are packaged in a com-
mon package.

33. An optical head device, according to claim 1,

wherein;

said optical coupling and dividing means is a
device which includes a dielectric multi layer
film which allows an incident light to be trans-
mitted through as to one of said first and sec-
ond wavelengths and allows an incident light to
be reflected on as to the other of said first and
second wavelengths.

34. An optical head device, according to claim 4,

wherein:

said optical coupling and dividing means is a
device which includes a dielectric multilayer
film which allows an incident light to be trans-
mitted through as to one of said first and sec-
ond wavelengths and allows an incident light to
be reflected on as to the other of said first and
second wavelengths.

35. An optical head device, according to claim 1,

wherein:

said optical coupling and dividing means is a
device which includes a dielectric multilayer
film which allows an incident light to be trans-
mitted through as to said first wavelength and
allows an incident light to be reflected on as to
said second wavelength, and which includes a
reflection surface which allows said light emit-
ted from said light source to be reflected on at
least one time to be led to said dielectric multi-
layer film as to said first wavelength.

36. An optical head device, according to claim 1,

wherein:

said optical coupling and dividing means is a
device which includes a hologram which allows
an incident light to be transmitted through as to
said first wavelength and allows an incident
light to be reflected and diffracted as a +1st-
order diffraction light as to said second wave-
length, wherein said hologram functions as a
convex surface mirror as to a +1st-order diffrac-
tion light.
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37. An optical head device, according to claim 36,
wherein:

said light reflected on said optical recording
medium to be reflected on as to said first wave-

said hologram is composed of a first prism on

to be reflected on as to said first wavelength
and allows an incident light to be transmitted
through as to said second wavelength.

length and a second dielectric multilayer film
which allows an incident light to be transmitted

an oblique plane of which a hologram layer and 5 through as to said first wavelength and allows
a dielectric multilayer film ate formed and a an incident light to be reflected on as to said
second prism which are adhered with each second wavelength, and which includes a
other, wherein said dielectric multilayer film reflection surface which allows said light
allows an incident light to be transmitted reflected on said optical recording medium to
through as to said first wavelength and allows 10 be reflected on at leach one time to be again
an incident light to be reflected on as to said led to said second dielectric multilayer film after
second wavelength. it is transmitted through said second dielectric
multilayer film and is then reflected on said first
38. An optical head device, according to claim 1, dielectric multilayer film as to said first wave-
wherein: 15 length.

said optical coupling and dividing means is a 42. An optical head device, according to claim 40,

device which includes a hologram which allows wherein:

an incident light to be reflected and diffracted

as a +ist-order diffraction light as to said first 20 said optical coupling and dividing means and
wavelength and allows an incident light to be said optical path control means are a same
transmitted through as to said second wave- device which includes a first dielectric multi-
length, wherein said hologram functions as a layer film which allows an incident light to be
concave surface mirror as to a +1st-order dif- reflected on as to said first wavelength and
fraction light. 25 allows an incident light to be transmitted
through as to said second wavelength and a
39. An optical head device, according to claim 38, second dielectric multilayer film which allows
wherein: said light emitted from said light source to be
transmitted through as to said first wavelength
said hologram is composed of a first prism on 30 and allows said light emitted from said light
an oblique plane of which a hologram layer and source to be transmitted through and said light
a dielectric multilayer filim are formed and a reflected on said optical recording medium to
second prism, said first and second prism be reflected on as to said second wavelength,
being adhered with each other, wherein said and which includes a reflection surface which
dielectric multilayer film allows an incident light 35 allows said light reflected on said optical

recording medium to be reflected on at least
one time to be again led to said second dielec-
tric multilayer film after it is transmitted through
said second dielectric multilayer film and is

40. An optical head device, according to claim 2, further 40
comprising:

then reflected on said first dielectric multilayer
film as to said first wavelength.

an optical path control means which is dis-
posed between said lens system and said opti-

43. An optical head device, according to claim 40,
wherein;

cal detector and in which an effective optical
path length from said lens system to said opti-
cal detector as to said second wavelength is
controlled to be shorter than an effective optical
path length from said lens system to said opti-
cal detector as to said first wavelength.

41. An optical head device, according to claim 40,
wherein:

said optical coupling and dividing means and
said optical path control means are a same
device which includes a first dielectric multi-
layer film which allows said light emitted from
said light source to be transmitted through and
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said optical coupling and dividing means and
said optical path control means are a same
device which includes a hologram which allows
said light emitted from said light source to be
transmitted through and said light reflected on
said optical recording medium to be reflected
and diffracted on as a +1st-order diffraction
light as to said first wavelength and allows an
incident light to be reflected on as to said sec-
ond wavelength, wherein said hologram func-
tions as a concave surface mirror as to a +1st-
order diffraction light.

44. An optical head device, according to claim 43,
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wherein;

said hologram is composed of a first prism on
an oblique plane of which a hologram layer and
a first dielectric multilayer film are formed and a
second prism on an oblique plane of which a
second dielectric multilayer film is formed, said
first and second prism being adhered with each
other, wherein said first dielectric multilayer film
allows said light emitted from said light source
to be transmitted through and said light
reflected on said recording medium to be
reflected on as to said first wavelength and said
second dielectric multilayer film allows an inci-
dent light to be transmitted through on as to
first wavelength and allows an incident light to
be reflected on as to second wavelength.

45. An optical head device, according to claim 40,

device which includes a dielectric multilayer
film which allows said light emitted from said
light source to be transmitted through and said
light reflected on said optical recording medium
to be reflected on as to one of said first and
second wavelengths and allows an incident
light to be reflected on as to the other of said
first and second wavelengths.

70 48. An optical head device, according to claim 3,

15

wherein:

said optical coupling and dividing means is a
device which includes a dielectric multilayer
film which allows said light emitted from said
light source to be reflected on and said light
reflected on said optical recording medium to
be transmitted through as to one of said first
and second wavelengths and allows an inci-

wherein: 20 dent light to be transmitted through as to the
other of said first and second wavelengths.

said optical coupling and dividing means and
said optical path control means are a same 49. An optical head device, according to claim 3, further
device which includes a hologram which allows comprising:
an incident light to be reflected and diffracted 25
on as a +1st-order diffraction light as to said an optical path control means which is dis-
first wavelength and allows said light emitted posed between said lens system and said opti-
from said light source to be transmitted through cal detector and in which an effective optical
and said light reflected on said optical record- path length from said first or second collimator
ing medium to be reflected on as to said sec- 30 lens to said optical detector as to said second

ond wavelength, wherein said hologram
functions as a concave surface mirror as to a
+1st-order diffraction light.

wavelength is controlled to be shorter than an
effective optical path length from said first or
second collimator lens to said optical detector
as to said first wavelength.

46. An optical head device, according to claim 45, 35
wherein: 50. An optical head device, according to claim 49,

wherein;

said hologram is composed of a first prism on
an oblique plane of which a hologram layer and

said optical path control means is a device

a first dielectric multilayer film are formed anda 40 which includes a dielectric multilayer film which
second prism on an oblique plane of which a allows an incident light to be transmitted
second dielectric multilayer film is formed, said through as to said first wavelength and allows
first and second prism being adhered with each an incident light to be reflected on as to said
other, wherein said first dielectric multilayer film second wavelength, and which includes a
allows an incident light to be reflected on asto 45 reflection surface which allows said light
said first wavelength and allows an incident reflected on said optical recording medium to
light to be transmitted through as to said sec- be reflected on at least two times to be again
ond wavelength, and said second dielectric led to said dielectric multilayer film after it is
multilayer film allows an incident light to be transmitted through said dielectric multilayer
transmitted through as to said first wavelength 50 film as to said first wavelength.
and allows said light emitted from said light
source to be transmitted through and said light 51. An optical head device, according to claim 49,
reflected on said recording medium to be wherein:
reflected on as to said second wavelength.

55 said optical path control means is a device

47. An optical head device, according to claim 3,
wherein;

said optical coupling and dividing means is a

32

which includes a hologram which allows an
incident light to be reflected and diffracted on
as a +1st-order diffraction light as to said first
wavelength and allows an incident light to be
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reflected on as to said second wavelength,
wherein said hologram functions as a concave
surface mirror as to a +1st-order diffraction
light.

An optical head device, according to claim 51,
wherein;

said hologram is composed a prism on an
oblique plane of which a dielectric multilayer
film and a hologram layer are formed, wherein
said dielectric multilayer film allows an incident
light to be transmitted through as to said first
wavelength and allows an incident light to be
reflected on as to said second wavelength.

An optical head device, according to claim 37,
wherein:

said hologram layer has a step-like section.

An optical head device, according to claim 39,
wherein:

said hologram layer has a step-like section.

An optical head device, according to claim 44,
wherein:

said hologram layer has a step-like section.

An optical head device, according to claim 46,
wherein:

said hologram layer has a step-like section.

An optical head device, according to claim 52,
wherein:

said hologram layer has a step-like section.

An optical head device, according to claim 1,
wherein;

said light emitted from one of said first and sec-
ond light sources is led to said objective lens of
said lens system as a collimated light and said
light emitted from the other of said first and sec-
ond light sources is led to said objective lens of
said lens system as a divergent light or a con-
vergent light, and said objective lens has a
spherical aberration that cancels a spherical
aberration which occurs when said collimated
light led to said objective lens is transmitted
through said optical recording medium with
said first or second substrate thickness which
is subject to the recording or reproducing by
said collimated light.
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59. An optical head device, according to claim 2,
wherein:

said light emitted from one of said first and sec-
ond light sources is led to said objective lens of
said lens system as a collimated light and said
light emitted from the other of said first and sec-
ond light sources is led to said objective lens of
said lens system as a divergent light or a con-
vergent light, and said objective lens has a
spherical aberration that cancels a spherical
aberration which occurs when said collimated
light led to said objective lens is transmitted
through said optical recording medium with
said first or second substrate thickness which
is subject to the recording or reproducing by
said collimated light.

60. An optical head device, according to claim 4,
wherein:

said lens means is a concave lens or a convex
lens which is disposed between said second
collimator lens and said optical coupling and
dividing means and which allows said light
emitted from said second light source to be led
to said objective lens as a divergent light.

61. An optical head device, according to claim 4,
wherein:

said lens means is a convex lens which is dis-
posed between said first collimator lens and
said optical coupling and dividing means and
which allows said light emitted from said first
light source to be led to said objective lens as a
convergent light.
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